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1.1. Preamble
This thesis is the result of an environmental biology study,
using an approach that has been developed in Leiden since 1970 by
the Department of Environmental Biology (see e.g. De Groot &
Udo de Haes 1981, Verhoog 1981, Van der Ploeg & Vlijm 1978,
Ter Keurs in prep.). This approach requires that a research
project must meet at least two prerequisites:
the research must be motivated by an urgent environmental
problem ,-
the research must contribute to the description and analysis
of the environmental problem by using biological methods and
by borrowing knowledge and methodology from non-biological
auxiliary sciences, with the objective of enabling a better
solution for the environmental problem to be found.
The premise underlying the second prerequisite is that a lack of
knowledge is one of the causes of the problem. This premise is
necessary because frequently the lack of finance, of legislation
or of political courage is the real cause of the problem rather
than the lack of knowledge, or else the problem has arisen because
of a conflict of interests that has resulted in negative
environmental impacts (e.g. because economie interests have
prevailed).
The object of the research described in this thesis is to
investigate the relation between outdoor recreation and nature.
The impacts of outdoor recreation upon nature are regarded as an
urgent environmental problem. Already in 1956 the Contactcommissie
voor Natuur- en Landschapsbescherming addresses a note to the
Dutch government with a plea for more attention to this problem
and at the moment even organizations such as the Organization for
Economie Co-operation and Development (OECD) publish reports about
it (OECD 1980). The urgency of the problem is dealt with in
paragraph 1.2. In accordance with prerequisite two, biological
methodology was used to describe and analyse the problem (i.e.
ecological and ethological methods). Methods were borrowed from
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the auxiliary science of recreation sociology to describe and
measure recreation intensities.
In several publications statements can be found that the lack of
knowledge of the relations between outdoor recreation and nature
is an important impediment to resolving the conflict between
recreation and nature: ANWB 1978, Buro Maas 1977, Lasom 1980,
Duffey 1967, Marren 1974, Satchell 1976, Speight 1973, Structuur-
visie Openluchtrecreatie 1977.
In this general introduction the environmental problem inherent
in the relation between recreation and nature (1.2.) is elaborated.
An environmental problem is here defined as a disparity between
the actual and the desired condition of the environment. Definitions
of environment and nature can be found in VWRR (1974), Schroevers
(1982) and Dekker & Van Leeuwen (1982).
In a review of results of recreation impact studies, the gaps in
our knowledge are elucidated (1.2.4.). The reasons for focussing
on these gaps are explained in 1.3. The methodological aspects of
studying the relation between recreation and birds are also dealt
with (in 1.3.2.). After formulating the central question in this
study (1.4.), some hypotheses that were found in the literature on
recreation impact or that were known at the start of the study,
are presented in 1.5.
This general introduction concludes'with an outline of the
various chapters of the thesis (1.6.) in which the main goals and
methods of the studies performed between 1976 and 1981, are
mentioned.
While reading, one should permanently be aware of the two-fold
purpose of this chapter. One is to review the field of disturbance
*
research to provide the reader a thorough fundament in the present
knowledge about disturbance (1.3. and 1.5.). The second purpose is
to explain the goals and methods of this study (introduction sensu
stricto; 1.2., 1.4. and 1.6.).
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1.2. Outdoor recreation as a cause of environmental problems
1.2.1. Outdoor recreation as a phenomenon
One could speculate on the age of the phenomenon of outdoor
recreation and on when it began to grow into an environmental
problem. Leisure time, of course, is a phenomenon as old as
mankind itself (Dekker 1977). Outdoor recreation as a concept,
however, is much younger. In The Netherlands it was introduced by
Cleijndert in 1923 aftcr a study trip to the United States of
America (Cleijndert 1923, 1928). He introduced it to replace a
concept "ontspanning" which, when translated into English, is
closest to "relaxation".
The literal meaning of recreation (creating anew) was more
appropriate to the circumstances prevailing in the early years of
this century. The ability to work of many labourers, especially
those in the new factories, had to be created anew after it had
been destroyed by long days of heavy work.
It is no coincidence that nature conservation as an organized
movement in society also originates from the same period (Gorter
1973, Teilegen 1979, Enzensberger 1973). A strong incentive caused
both movements and Enzensberger (1973) contends that this incentive
was that the industrialization process not only polluted the
working and living environment of the labourers (which had been
going on for decades), but also began to have impacts upon the
living environment of the middle and upper classes.
1.2.2. Impacts of outdoor recreation upon nature
The idea that outdoor recreation itself could threaten the
qualities of the environment is also old and can be found
immediately after the "birth" of the notion of outdoor recreation.
Cleijndert's study tour (1928) mentioned above was aimed at
acquiring information about^the system of national parks in the
U.S. These parks were such a success from the outset, that the
visitor numbers on some sites became a problem. In 1928 in
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California a report entitled "A report on the effect of excessj...
tourist travel on the Californian Redwood Parks" (Meinecke 1928)
was published. However, until the 1950s interest in the negative
impacts of outdoor recreation was only incidental and was limited
to very local problems.
The general recognition of outdoor recreation as a potential or
actual environmental problem came in the period that outdoor
recreation became a mass phenomenon. In this same period the
quantity and quality of nature had been reduced by all kinds of
human developments: urbanization, road building, expansion of
industries, agricultural reallotment projects and cultivation of
"waste" lands, (especially heaths). More and more visitors became
dependent on a shrinking area of sites with amenity values.
Problems first appeared in areas with vulnerable vegetations. In
The Netherlands these are the dune areas (Bijhouwer 1940; Advies-
commissie Duinbeplanting 1958; Adviescommissie Noordhollands Duin-
reservaat 1964), heaths and inland sand dunes (Westhoff 1967),
marshes and pools (Interuniversitaire Studiegroep Planologie 1976)
and the Wadden Sea (ANWB et al. 1974).
These habitats also received most attention in the international
literature (Duffey 1967, Usher et al. 1974, Recreation Ecology
Research Group 1977, Liddle 1975, Liddle & Scorgie 1980).
In the 1960s the problem was so widely recognized that planning
techniques were developed to cope with the problem and the concept
of visitor capacity or recreation carrying capacity was introduced.
A review of the use of this concept and the discussion about it
can be found in Beckers et al. (1980). A fundamental shortcoming
of the notion was and still is that it is based on best professional
judgements rather than on research results.
Empirical facts are a necessary (but not sufficient) justification
for the choice of an acceptable number of visitors an area can
carry.
As well as having the empirical facts it is also necessary to
formulate clear management goals about levels of acceptability of
recreation impacts (these levels might differ in different parts
of a management unit). It is the task of recreation ecologists to
provide the necessary information.
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Unfortunately, even today some ecologists do not think it is
worthwhile to disentangle the complex network of ecological
relations in order to acquire knowledge about recreation impacts:
they still prefer the best professional judgments only
(Smittenberg 1981)! Although in any circumstance a best professional
judgment is better than no judgment and also best professional
judgments have often proved to be correct, turning away from
research is a denial of the skill of ecologists. Besides, it is
naive to expect that professional judgments will be respected in
situations where interests are strongly opposed. In situations
where interest groups end up in polarized discussions, only
factual information based upon reproducible and verifiable research
will bring a rational solution nearer.
1.2.3. Outdoor recreation as an urgent environmental problem in
a densely populated country
Outdoor recreation is a more important cause of environmental
problems in The Netherlands than in most other European countries.
This is because of the high population density in The Netherlands
combined with the paucity of suitable recreation areas.
This state of affairs can be explained using wooded areas as an
example. Wooded areas are a very important environment for outdoor
recreation and, together with beaches and lake shores, absorb the
most visitors. The wooded area in The Netherlands is very small,
only 8% of the land area, comparable with countries such as the
United Kingdom (8%) and Ireland (4%).
The situation is even more grave when the figures for the area
of woodland per inhabitant are considered. The figure is only
218 m2 for The Netherlands, whereas for Ireland and the U.K. it is
924 m2 and 332 m2, and woodland "rich" countries like W. Germany
and France reach 1178 m2 and 2745 m2 respectively.
Within The Netherlands, the distribution of these areas is not
proportional. In the western provinces such as Noord-Holland and
Zuid-Holland there is only 40 m2 and 20 m2 woodland per inhabitant,
whereas in provinces like Drenthe and Gelderland these figures
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are 600 m2 and 520 m2 (figures from Structuurvisie op het
bos en de bosbouw 1977).
As a result of Dutch laws and the conditions attached to
government financial support for the management of forests,
natural areas and country estates, more than 90% of these areas
are accessible to the public. Given their scarcity and their
accessibility it is not surprising that outdoor recreation is an
omnipresent phenomenon in Dutch woodlands. Wilderness areas
(Brown & Haas 1980) are almost non-existent in The Netherlands.
The consequences of this state of affairs can be explained using
another type of environment as an example. The sand-dune area is
one of the least urbanized in The Netherlands. Because of its
beauty and the lack of alternative venues for recreation in the
western part of the country, the dune area receives numerous
visitors throughout the year. Paths have been made to lead these
visitors through the dune areas, but paths are also made by the
visitors themselves. Some studies have yielded figures about the
length of paths per ha and about the increase in path length in
time (Abrahamse et al. 1977; Van der Werf 1972; Adviescommissie
Recreatiesociologisch Onderzoek Meijendel 1978).
Some figures for the large dune areas:
Texel 375 m path/ha (1977);
Vlieland 415 m path/ha (1975);
Terschelling 480 m path/ha (1975);
Ameland 630 m path/ha (1975);
Schiermonnikoog 605 m path/ha (1976);
Meijendel 987 m path/ha (1973).
In a city park in Amsterdam, the Vondelpark, the length of paths
per ha is only 170 m/ha and one should realize the consequences of
a natural dune area having a path length five times as high. These
examples of the Dutch state of affairs highlight how serious
outdoor recreation is as an environmental problem. Recreation has
become a major ecological factor in various semi-natural aYeas
in The Netherlands.
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1.2.4. Gaps in our knowledge about recreation impacts
The available knowledge about relations between dose and effect
in the field of recreation impacts is small, of recent date and
"uneven". Citations from a bibliography and reviews will prove
this point.
In 1977 Wall compiled a bibliography for the Council of Planning
Librarians and hè could include 183 titles. Although this might
seem a large number of titles, one should realize that the
bibliography covers the complete field of recreation impacts and
should be compared with bibliographies covering topics such as the
impacts of pesticides on the environment or the impacts of
agriculture on the environment.
Only 11 of the 183 titles referred to studies before 1960 (6%)
and Wall concludes:
"However, most research on the environmental impact of outdoor
recreation has been published in the last twenty years".
In a report prepared for the Dutch government by Buro Maas
(1977) the same conclusion is drawn.
In general, the literature only consists of impressions of site
managers or subjective statements, rather than reliable research
results. Most study projects are only based on one year of data
sampling and have a descriptive study design. Wall concludes:
"All too few studies monitor patterns of visitation in
association with physical parameters so that quantitative cause
and effect relationships are seldom established".
The available knowledge is also divided unevenly over the various
groups of organisms, especially over flora and fauna. Wall also
refers to this uneven situation.-
"Thus, there is a relatively large number of references on soil
and vegetation when compared with wildlife".
Speight (1973) drew a similar conclusion.
Thus, when the research reported in this thesis was being formu-
lated in 1976, it was already obvious what the largest gap in our
knowledge was. Given the opportunity of four years of study it was
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evident that some fauna-element should be chosen as the object of
research.
It was decided to study birds and the object of research was
further restricted to "breeding birds of dune and forest areas".
Birds were chosen because:
they are often mentioned as being susceptible to recreation;
they are "shy" elements of the fauna;
they are important in conservation policies.
Breeding birds were chosen because:
the breeding phase is often mentioned as one of the most
susceptible phases in the life cycle of a bird, together with
the moult and the migration phase (see also 1.3.);
I presumed that the population size of a species and the
population densities of that species in an area are figures
related to each other (see also 1.3.2.2.);
in an earlier project studying the impacts of roads upon
breeding birds some knowledge and know-how had already been
gained (Van der Zande et al. 1980).
I decided to work both in dunes and in wooded areas because I
wanted to minimize the risk of obtaining unsatisfactory results.
The recreation intensities, breeding bird populations and many
other factors differ fundamentally between both environments and
thus a trial-and-error approach to finding an appropriate study
area, study design etc. might only be successful in only one
habitat. Both environments have one characteristic in common: they
are of major importance for outdoor recreation and breeding birds
in The Netherlands.
There was a specific motive to start our project in a dune area.
The advice of the Department of Environmental Biology at Leiden
University had been sought about a report dealing with the
relations between recreation intensity, bird density and
management regime in a dune area between De Zilk and Zandvoort,
north of Leiden. This report had been made by a group of
enthusiastic amateur ornithologists and the dune area managers
wanted their recommendations to be tested by supplementary
professional research.
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In the next paragraph the state of our Jcnowledge about recreation
and birds will be reviewed. This review could not have been made
in 1976, because not alle the articles were known at that time,
but the basic idea and the major questions were known. These
questions were the signposts for the research project: they are
formulated in 1.4.
1.3. Outdoor recreation and birds
1.3.1. Direct and indirect impacts upon birds
In a publication by Watson et al. (1970) a very clear distinction
was made between the direct impacts of outdoor recreation upon
birds (the presence and behaviour of man influences the behaviour,
breeding density and/or breeding success of birds) and the
indirect impacts (the presence and behaviour of man influences
environmental factors of importance to the behaviour, breeding
density and/or breeding success of birds).
The concept of disturbance is usually reserved for the direct
impacts, but different authors use this concept with a different
meaning. Van der Zande et al. (1980) define it as the density
depression of the bird population compared with an expected
maximum density, while others (e.g. Liddle & Scorgie 1980) include
all direct effects (even those affecting the behaviour of birds).
Sometimes the concept is even used for the human influence itself,
as well as for its impact. Here I shall use the concept in its
broad sense of a generic category of direct impacts. The indirect
impacts are generally believed to work via the alteration of the
vegetation. In its most extreme form the degradation of vegetation
results in habitat loss and thus the consequent loss of the bird
species that live in that habitat. An example of such an extreme
is clearing a piece of woodland to build chalets for tourists.
Only a few authors have described studies that have analysed both
steps in the cause and effect chain. For example, the article by
Hooper «t «2. (1973) has a promising title ("Bird density and
diversity as related to vegetation in forest recreational areas").
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However, they only analyse the relation between vegetation and
birds and from this they make some recommendations about the prior
step: the relation between recreation and vegetation.
Numerous studies have dealt with the separate steps. The relation
between recreation and vegetation was studied early on in The
Netherlands by Van der Werf (1972) and hè found that the structure
and diversity of a vegetation diminishes under an increasing
recreation intensity. On the other hand there is a wealth of
information about the relation between vegetation and birds (e.g.
Erdelen 1978, MacArthur 1964, Dierschke 1973, Phillipona et al.
1983), so that it is possible to combine the results of both kinds
of research and prognosticate the indirect impacts of an increase
in recreation intensity upon the breeding birds in an area.
One could defend the thesis that it is not necessary to study
separately the indirect and direct effects upon birds because in
practice site managers are only interested in the total impact.
However, it is also common practice that site managers wish to
influence the number of visitors. The various measures they take
will have different consequences for direct and indirect impacts.
For example, free access compared with limited access only via
paths and roads, will produce very different indirect and direct
impacts. Free access will mean potential disturbance everywhere
and the deterioration of vegetation will decrease as distance from
paths and roads increases, whereas limited access only via paths
and roads will mean a limited zone exposed to disturbance and
practically no deterioration of vegetation.
Because environmental biology is interested in the dose and
effect relationships of those factors that can be manipulated
separately, it seents necessary to study both kinds of impacts
separately.
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1.3.2. Kinds of previous impact research on birds and research
results
Disturbance research can be classified into three categories,
according to:
the dose parameters used (1.3.2.1.);
the effect parameters used (1.3.2.2.);
the study design and study strategy that was used (1.3.2.3.).
Each major category is discussed below in a paragraph and is
divided further into subcategories.
1.3.2.1. Dose parameters used in previous impact studies on birds
As far as the dose parameters are concerned one can distinguish
between:
a. the kind of dose parameter that was used;
b. the level of measurement at which the dose parameter was
measured or estimated.
a. Kind of dose parameter.
A specific kind of dose parameter has been studied very
often, but it is questionable whether it can be regarded as
recreation, and that is the activity of bird study itself.
Each serious ornithologist should ask him- or herself whether
his observation or mere presence has influenced the processes
or variables hè was supposed to measure. Researchers on
breeding biology indeed have asked themselves this question
and some have paid attention to how this "problem", affects
their research results. They include (in alphabetical order):
Balat (1969), Bart (1977), Bijlsma (1980), Cairns (1980),
Ellison & Cleary (1978), Gillet et al. (1975), Gottfried &
Thompson (1978), Kury & Gochfeld (1975), Livezey (1980),
Oelke (1977), Reid (1968), Ricklefs (1977), Robert & Ralph
(1975), Strang (1980), Tölke (1978), Tremblay & Ellison (1979)
and Willis (1973).
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These authors describe the impacts of the presence of an
observer, or the handling of eggs and/or young upon the
behaviour, breeding density and breeding success of the
species they were studying. Apart from some exceptions (e.g.
Willis 1973) this very specific form of "outdoor recreation"
was found to have serious impacts.
Reid (1968), for example, found a decrease of more than 90%
in a population of the Adelie Penguin after some years of
intensive study. Lenington (1979) and Duffey (1979) discuss
the theoretical implications of the observer effect and
Lenington introduces the concept of the "uncertainty
principle" with respect to all uncorrected data on breeding
biology. Each breeding biology ornithologist should
constantly be aware of the fact that his or her data are
biased by the effects of measurement-itself.
Another aspect of the dose parameter used in the different
studies is the complexity or heterogeneity of the dose. It is
notable that most authors used a complex dose and only in
exceptional cases was one more or less sharply defined type
of recreation the object of study. These cases include:
- sailing-. Batten (1977), George (1976), Hume (1976),
De Zeeuw (1972), Tuite (1982);
- walking across the (Dutch) Shallows-. Furness (1973a,
1973b), Zegers (1973), Zwarts (1972);
- digging for worms-. Sponselee (1980);
- picnicking: Hunt (1972);
- canoeing: Titus & Van Druff (1981), Van de Ouderaa (1976);
- playing on the beach: Erwin (1980), Duffey (1978), Loske
(1980), Summers & Cooper (1977);
- surfing in lakes-. Reckman & Van Rooijen (1982);
- fishing-. Reicholf (1970), Erlinger & Reicholf (1974), Cooke
(1974), Tydeman (1977), Hübner (1979),-
- camping: Westerink & De Ridder (1978), Wiehe (1970), Foin
et al. (1977);
- walking-. Saris (1976).
In most other cases the dose was not described or only very
qualitative wording was used to typify the recreation. In
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those cases one must assume that a very complex dose of
different types of recreation was used. Sometimes, the dose
was even an amalgamation of various other human activities.
Examples of studies with an undefined dose can be found in:
Anderson & Keith (1980), Bakker et al. (1978), Gibo et al.
(1976), De Gooijer (1975), Hand (1980), Hirshi (1982), Kilpi
et al. (1980), Koersveld et al. (1976), Randall & Randall
(1981), Schaerlakens (1975) and Summers & Cooper (1977).
Bakker et al. (1978) did not define their "busy" and "quiet"
areas in terms of numbers of visitors, although visitor
counts were available.
Examples of very heterogeneous dose parameters can be found
in the following studies-. Hooper (1977), Ratcliffe (1962),
De Roos (1981a), Waardenburg (1976), Swennen & De Bruijn
(1980) and Wiehe (1973). In most such cases the recreation
was an unknown amalgamation of walking, cycling, horse riding
etc. Examples of studies using a combined dose parameter that
includes various human activities can be found in Mathisen
(1968), (in which forestry activities were also included) and
in Opdam & Retel Helmrich (1982), (in which military
activities were also included).
b. Level of measurement.
A dose parameter can be measured from low to high by a
nominal scale, an ordinal scale or by a quantitative scale.
The latter can be divided in an interval scale or a ratio
scale.
In most studies (I estimate more than nine out of ten) a
very simple qualitative scale was used, either nominal or
ordinal in its simplest form: busy versus quiet or busy
versus moderate versus quiet.
Another shortcoming of most studies is that the dose
parameter was not measured but was estimated without even any
sampling or counting.
The few examples I found of studies using an interval or
ratio scale parameter are:
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Loosjes (1974): time and frequency of several
disturbance sources in periods of 5 minutes;
Opdam & Retel Helmrich (1982): a semi-ratio scale
disturbance index from zero to twenty,-
Owens (1977): duration (in minutes) of operation of
several sources of disturbance ,-
Reicholf (1970): percentage of all visits an angler is
present in a part of the study area;
Robert & Ralph (1975): six disturbance schedules with a
varying disturbance frequency; a maximum of 3 times a
day over 2 months and a minimum of once a month;
Saris (1976): a 10-interval scale of numbers of visitor
groups walking over paths and roads combined over a
number of samples;
Titus & Van Druff (1981): different scales; mostly
interval scales, with four or five intervals for
different parameters;
Tuite (1982): an interval scale expressing the number of
different recreational activities on a lake (in part one);
a 5-point interval scale of the intensity of recreational
use (in part two); a number of boats per lake part in a
ratio scale (in part three);
Vermeer (1973): a semi-ratio scale recreation intensity
index achieved by assigning a disturbance value of l to
a chalet and 10 to a camp site and by dividing the sum
of disturbance values by the lake shore length.
In three of the above cases the dose parameter was
constructed by arbitrarily assigning weighted values to
different recreational activites. By means of summation and
division an estimate of recreation intensity was obtained.
This could be handled as a ratio scale quantity in analyses.
Of course it is sometimes possible to choose one's weighting
values in such a way that a very significant correlation is
reached with the effect parameter. Thus, one should mal^e it
very clear that the choice of the weighting factors was made
before the calculations and was made independently of these
calculations. On the other hand it is wise to make a sensi-
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tivity analysis afterwards, in order to find out how the
results are influenced by the choice of the weighting
factors.
In numerous studies the dose parameter distance was used as
an indicator of increasing or decreasing recreation intensity
("disturbance intensity"), probably based on the reasonable
assumption that recreation intensity decreases with increasing
distance from a distribution point (that can be reached by
car). Some examples follow, in alphabetical order of author:
Baeijens (1982): close to and far from human activities;
Hooper (1977): a) more or less than 4 km from a human
activity; b) more or less than 580 m above sea level;
Mathisen (1968): a) more or less than a quarter of a
mile from a road; b) more or less than half a mile from
a timber feiling;
Ratcliffe (1962): a) more or less than one mile from the
nearest habitation; b) more or less than 50 feet high;
De Roos (1981a): a three-interval distance scale:
1) more than 100 m from a metalled road and more than
25 m from an unmetalled path;
2) more than 100 m from a metalled road and less than
25 m from an unmetalled path;
3) less than 100 m from a metalled road;
Swennen & De Bruijn (1980): more or less than 75 m from
a bicycle path, a traffic road or a recreation forest;
Waardenburg (1976): a) more or less than 75 m from a
road; b) less than 50 m, between 50 m and 100 m, and
more than 100 m from a road. ,-
Wiley (1975): more or less than a quarter of a mile from
a public road.
These examples clearly show that in most cases a 2-class
interval scale was used and only occasionally was the scale
3-class.
Finally, the diversity in the dose parameters that were
used deserves comment. In only a few cases were several
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estimates of different dose parameters used. This is important
because only by using different dose parameters is it
possible to compare the relationships between dose and effect
of the different estimates of recreation intensity. Such a
comparison may give an idea of the validity of these estimates.
Because it is not yet known what is the causal factor in
recreation that might cause disturbances, one cannot know on
which time and area scale one should measure recreation
intensity. Nor can one know which types of recreation one
should distinguish. Therefore no single way of defining and
measuring recreation intensity can be recommended as being
the proper method.
More then one estimate of recreation intensity were used by
Owens (1977), Picozzi (1971), Furness (1973b), Tuite (1982)
and Titus & Van Druff (1981).
1.3.2.2. Effect parameters used in previous impact studies on
birds
The effect parameter chosen depends on:
a. the bird species chosen;
b. the aspect of that bird species that one wants to measure.
a. Choice of the bird species
The bird species chosen for previous recreation impact studies
cannot be seen as a representative sample of the avifauna of the
countries concerned.
First of all, those species that were expected to be susceptible
to disturbance were chosen. Usually these are species with a
well-known "shy" character. This shyness must be obvious in their
behaviour or must be a simple explanation for a rapid drop in
population density probably caused by increased recreation
intensities.
Another line of approach is the habitat preference of the bird.
When this habitat preference is the same as the habitat preference
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of large groups of recrcationers (waters, shores) then the species
will probably suffer from recreation impacts.
A final factor affecting which species is chosen as effect para-
meter is their suitability for breeding biology research. In
1.3.2.1. I already pointed out that breeding biology ecologists
are forced to raeasure the impacts of their own measurement
activities in order to acquire correct figures. Their motives to
choose an object of study will differ from those of a recreation
impact biologist.
Fairly accurate counts can be made of ground breeding colonial
bird species, and thus colonies are popular objects of study of
population ecology ornithologists. Processes like birth, death,
emigration, immigration. etc., can be studied easily in colonies,
but the impact of the observer(s) upon these processes is not so
easy to ascertain. .
The three criteria that were mentioned above in connection with
the choice of species for recreation impact research resulted in
four groups of species often being chosen as effect parameters:
1. birds breeding in colonies, often on islands;
2. birds of open water and open areas;
3. birds of marshes and reed-beds;
4. diurnal birds of prey.
Within these four major groups a further specification is
possible and desirable to discover which species have not been
studied regularly.
1. - Gulls: Erwin (1980), Gillet et al. (1975), Hand (1980),
Hunt (1972), Kilpi «t al. (1980) and Robert & Ralph (1975).
- Pelicans: Anderson & Keith (1980).
- Cormorants: Ellison & Cleary (1978); Kury & Gochfeld (1975).
- Herons: Cooper & Marshall (1970), Tremblay & Ellison (1979).
- Penguins: Reid (1968), Roberts & Roberts (1973).
2. - Meadow birds: Rikveld (1978), De Roos (1981a), Summers &
Cooper (1977), Swennen & De Bruijn (1980).
- Curlew (Numenius arquata)-. Citroen et al. (1976), Braaksma
(1960). De Roos (1981a), Oven (1973).
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- Geese: Loosjes (1974), Owens (1977).
- Swans: Kansen et al. (1971).
- Ducks: Batten (1977), Bauer & Zintl (1974), Tuite (1982).
- Terns-. Duffey (1978), Erwin (1980), Randall & Randall (1981),
Zintl & Willy (1972).
- Tetraonidae: Picozzi (1971), Watson (1976), Merile (1980),
Muller (1980).
3. - Grebcs: Broekhuysen (1973), Hume (1976), Tölke (1978),
De Zeeuw (1972).
- Divers: Titus & Van Druff (1981), Vermeer (1973).
- Ducks: Balat (1969), Livezey (1980), Reicholf (1970),
Erlinger & Reicholf (1974), Tydeman (1977).
- Warblers and reed-bed species: De Roos (1972), Van de Ouderaa
(1976), Van der Straaten & Verhoef (1971), Van der Straaten
(1975), De Zeeuw (1972).
4. - Falcons: Olsen & Olsen (1980), Ratcliffe (1962), Schaerlakens
(1975), Versluijs & Verhoeven (1978).
- Buzzards: Rietberg (1978), Schaerlakens (1975), Waardenburg
(1976), Wiley (1975).
- Accipiter spp.-. Opdam (1978), Schaerlakens (1975),
Waardenburg (1977).
- Eagles: Mathisen (1968).
- Crows: Baeyens (1982), Deckert (1980), Hooper (1977),
Ratcliffe (1962).
An important conclusion can be drawn from the above survey of
species : scarcely any recreation impact studies on passerines,
let alone on passerines of dune and forest areas, can be found in
the literature. Some exceptions are: Bakker et ai. (1978), Bijlsma
(1980), Cooke (1980), Oelke (1977) and Saris (1976).
In the studies by Bijlsma (1980) and Oelke (1977) the effect of
the observer activities was measured.
The scant attention paid to passerines of dune and forest areas
contrasts greatly with the fact that forests and dunes are among
the most popular habitats for recreationers (Katteler & Kropman
1977, Katteler 1975, Staatsbosbeheer-Intomart 1974).
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b. The aspects of the bird species that one wants to measure
The effect parameters per bird species can be divided into effects
operating at the level of:
bird behaviour (ethological level);
density of breeding birds and breeding success (ecological
level).
In theory a third level could be distinguished: the diversity of
bird species (synecological level). However, our knowledge about
this third level is so scanty, that I pay no special attention to
it.
The most common type of effect parameter on the ethological
level is the fly-away distance. When an observer or another person
approaches a bird or a group of birds they will fly away once the
person comes within a certain distance. This distance is called
the fly-away distance and should be distinguished from the distance
the birds fly subsequently (before landing again). A supplementary
effect parameter is the period of disturbance: the period necessary
for the birds to regain their "normal" behaviour pattern. Studies
in which these parameters were used include: Batten (1977),
Bauer & Zintl (1974), Cooke (1974a, 1974b, 1981), Davies (1972),
Dupuy & Verschuren (1978), Furness (1973a, 1973b), Gendebien &
Mörzer Bruijns (1970), Kesteloot (1966), Kilham (1974), Koersveld
et al. (1976), Loosjes (1974), Owen (1973), Owens (1977), Heekman
& Van Rooijen (1982), Zegers (1973), Zintl & Willy (1972) and
Zwarts (1972).
Another parameter much used at the ethological level is the
behaviour of parents and young around and on the nest. This kind
of study is very suitable for experiments in which the observer is
the "intruder".
Some examples of such studies can be found in: Broekhuysen
(1973), Citroen et al. (1976), Cooper & Marshall (1970), Greig-
Smith (1980), Hume (1976), Kilham (1974), Olsen & Olsen (1980),
Ricklefs (1977), Rietberg (1978), Rikveld (1978), Tölke (1978),
and Zintl & Willy (1972). The results of these studies can be
summarized by saying that after an intrusion parents and young can:
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hide and keep still (parents and/or young) ,-
alarm, threat or deter (parents and/or young);
show distraction display (parents).
Ricklefs (1977) studied the relations between the kind of display
and other factors, such as the nest type. He found a negative
correlation between the intensity of the response of both parents
and young and the conspicuousness of the nest (the less conspicuous
the nest, the less intense the reaction).
Greig-Smith (1980) showed that Saxicola torquata gives a response
to an approaching human that is the same as a response to other
"ground" predators and that differs from the response to raptors.
It is intriguing to speculate whether some species have man-specific
responses to intruders. In the study by Cooke (1980) differences
were found between fly-away distances of the same bird species in
urban and rural areas. This might be a resnlt of adaptation
(habituation) to disturbance.
Dupuy & Verschuren (1978) observed that certain species of birds
were less shy in their winter habitats than in their breeding
habitats. More remarkable, however, is their impression that
Phoenicopterus ntber and Haliaetus niger are less shy in one part
of Africa than in another, both areas being winter habitats. These
impressions could be seen as a confirmation of Cooke's hypothesis
of habituation.
A disadvantage of choosing an effect parameter at the ethological
level is the lack of insight that the results yield on the
consequences of the disturbed behaviour for the individual, the
population and the species. One can only deduce the further
consequences by, for example, calculating a fall in food intake.
This was done by Owens (1977), Loosjes (1974), Furness (1973a, b),
Zegers (1973) and Zwarts (1972). A further step could be to
calculate energy budgets (e.g. Drent & Daan 1980) and to try and
establish the consequences of the disturbances upon the chances of
survival of the disturbed bird. Such energy budgets and calculations
of survival chance can in turn be used to find an explanation as
to why certain disturbed areas are avoided by breeding birds.
However, there is still a large and wide gap between observing
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disturbances at the ethological level and using these figures as
an explanation for impacts at the ecological level.
The effect parameters at the ecological level can be subdivided
into density parameters and breeding success parameters.
Bird densities can be estimated by several methods, the most
widely used being the territory mapping method (IBCC 1969). These
methods yield the number of (occupied) territories within a study
area. That parameter is used as an estimate of the number of
productive breeding pairs.
Breeding success can be established by means of nest checks or
by other qualitative methods. It can be split into many
subparameters (number of eggs, number of hatchlings, number of
fledglings per pair, etc.).
Because the central question of this thesis concentrates upon
the effect parameter of breeding density, the literature was
diligently searched for other studies that used this effect
parameter. Since at this point it would interrupt the line of
reasoning too much to justify my choice of breeding density, the
reader is refered to paragraph 1.4 for a discussion on the reasons
for this choice .
Table l lists a number of studies in which breeding density or
breeding success were used as an effect parameter.
The information in this table will be used in the following
sections.
A _number of studies have concentrated upon the relation between
disturbance and predation. An often mentioned hypothesis is that
disturbance enhances the chance of predation. This relation has
been studied by Baeyens (1982), Bart (1977), Ellison & Cleary
(1978), Gibo et al. (1976), Gillet et al. (1976), Gottfried &
Thompson (1978), Hansen et al. (1971), Kury & Gochfeld (1975),
Robert & Ralph (1975), Strang (1980), Tremblay & Ellison (1979).
The results of these studies are contradictory: one indicated that
the chance of predation was not enhanced (Gottfried & Thompson
1978) whereas others indicated a much greater chance of predation
(Ellison & Cleary 1978, Tremblay & Ellison 1979).
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A representative sample of disturbance studies with density (D) or
breeding success (S) as effect parameter, classified according to
the study design (T: transverse; L: longitudinal;
E: experimental).
D S T L E D S T L E
Anderson & Keith 1980 x x x x
Baeijens 1982 x x
Bart 1977 x x
Bakker et al- 1978 x x
Bijleveld 1966 x x
Bijlsma 1980 x
Cairns 1980 x x
Deckert 1980 x x x
Ellison & Cleary 1978 x
Erwin 1980 x x
Foin «t al. 1977 x x x
Gillet et al. 1975 x x
Gottfried &
Thompson 1978 x
Kansen et tl. 1971 x x
Hirshi 1982 x x
Hooper 1977 x x x
Hunt 1972 x x
Kilpi «t al. 1980 x x
Kury & Gochfeld 1975 x
Mathisen 1968 x x x
Onikl 1977 x X
Opdam &
Retel Helmrich 1982 x x
Van de Ouderaa 1976 x x x
Peitzneier 1939, 1944 x x
Randall & Randall 1981 x X X
Ratcliffe 1962 x x
Reicholf 1970 x x
Robert & Ralph 1975 x
Roberts & Roberts 1973 x x x
Roderkerk 1961 x
De Roos 1981a x
De Roos 1981b x
Saris 1976 x
Schaerlakens 1975 x
Van der Straaten &
Verhoef 1971 x
Van der Straaten 1975 x
Summers & Cooper 1977 x x
Swennen & De Bruijn 1980 x x
Titus & Van Druff 1981 x x x
Tremblay & Ellison 1979 x x
Vermeer 1973 x x
Versluijs & Verhoeven 1978 x x
Waardenburg 1976 x x x
Watson 1976 x x
Westerink & De Ridder 1978 x x
Wiehe 1973 x
Wiley 1975 x x x
willis 1973 x
De Zeeuw 1972 x x
14 17 17 6 6 22 9 11 11 4
These differences might be the result of different characteristics
of the bird species, differences in disturbance intensity, in
differing predation pressure and in differing chance of predation
(in the absence of disturbance). It is beyond the scope of this
thesis to deal with this topic in detail. Strong's (1980) study of
the relation between predator behaviour and human behaviour suggests
that the presence of predators is more likely if humans are present
than when humans are absent.
Using large samples of nest records for five species, Bart (1977)
proved that for four of them the chance of the eggs being predated
increased after the nest had been checked. The exception was
Hirundo rustica, probably because the eggs and young are
unreachable for most predators.
The literature contains all sorts of eccentric observations of
birds nesting in the most extraordinary places. Often these are
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places with an enormous disturbance potential: for example
Hotacilla alba in a motor boat that was visited daily by its owner
or rurdus meruia nesting on a car and on a tractor in use (Halle
1971, Von Pushmann 1976). Sometimes these odd breeding attempts
even succeed, but I believe that these cases do not prove anything
more than that they can happen.
The impacts of outdoor recreation upon bird density or breeding
success have been found to be positive, absent or negative. More
interesting, however, is the finding that the same bird species
can show significant disturbance in one effect parameter and yet
no impact can be detected in another effect parameter.
Titus & Van Druff (1981) found significantly fewer successfully
hatched Gavia immer eggs on lakes with motor boats, and did not
find such a diffcrence in the mean number of eggs per breeding
pair (and Gavia immer is not a "determinate" layer). Neither did
they find that the density of Gavia immer on lakes with and
without motor boats differed significantly. De Zeeuw (1972) found
that the breeding success of Podiceps cristatus was lower on lakes
with many boats than on lakes with a few boats, but the total
population of Podiceps cristatus in his study area increased in
spite of an increasing number of boats. Such cases prove that one
should be very cautious in interpreting the results of disturbance
studies at the ecological level. In paragraph 1.5. various
hypotheses that might explain such contradictory results are
discussed. Most difficult of all is the interpretation of an
absence of any impact (whether negative or positive), because
there is always more than one possible cause for this.
Four categories of study results can be distinguished:
1. negative impact upon breeding density (disturbance
sensu stricto;) ,-
2. positive impact upon breeding density;
3. negative impact upon breeding success (disturbance
sensu lato)•
4. positive impact upon breeding success.
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Some of the studies mentioned in table l will be reviewed in
each category.
1. Negative impact upon breeding density.
Ratcliffe (1962) found more nests of Falco peregrinus and
Corvus corax at a distance of more than a mile from the
nearest habitation than at a distance less than a mile.
Whether this difference proves anything about the
susceptibility to disturbance of these species depends on the
distribution of suitable nesting area within and beyond the
l mile zone. Other factors may also have influenced the
suitability of both recreation intensity classes.
De Roos (1981a) found a significantly lower density of Curlew
(Numenius arquata), Oystercatcher (Haematopus ostralegus) and
Redshank (Tringa totanus) in zones nearest metalled roads and
paths. This difference reraained significant for the latter
two species when corrected for the influence of varying
altitude and for the influences of differences in vegetation.
De Roos carried out an experiment to study the influence of
accessibility of an area and it confirmed these results for
the Oystercatcher. His study is a rare example of an experiment
in recreation impact ecology that deals with birds at the
ecological level.
Vermeer (1973) found a significantly negative correlation
between his recreation intensity indices for 19 lakes and the
number of breeding Gavia immer on these lakes. However, the
correlation was not tested for its sensitivity to the
arbitrary weighting values in the recreation index.
2. Positive impact upon breeding density
Both Baeyens (1982) and Deckert (1980) produced evidence for
a positive correlation between the breeding density of
Pica pica and the distance from human settlements (houses,
farms). For an explanation see 4 below.
Peitzmeier (1939, 1944) described what hè called a
"symbiosis" between man and bird species such as Turdus
viscivorus, Troglodytes troglodytes and Delichon urbica. The
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positive correlation was only hypothetical and is thought
to operate through abiotic factors that have been altered by
man in favour of these species. The author does not tackle
the problem of the difference between direct and indirect
influences and the question remains whether these species are
really attracted by the presence of man itself (converse of
avoidance). There is some indirect evidence that birds learn
to regard man's presence as beneficial. Wagner (1941) also
found a learning process in Turdus grayi and Turdus assimilis
in a coffee plantation.
Foin et al. (1977) found an increase in the numbers of
Parus gambeli and Euphagrus cyanocephalus within a transect
across a camping site during the holiday season compared with
a transect next to the camping site. One vonders whether the
breeding density did indeed increase or whether there was
merely an increase in the number of individuals present. Food
remains left by campers could explain the increase in bird
numbers. The authors also found a decrease for Turdus
migratorius and Ixoreus naevius.
Negative impacts upon breeding success
Balat (1969) found that approx. 58% of nests were abandoned
by Anas platyrhynchos as a result of regular weekly checks of
the nests. Nests in the neighbourhood that were not checked
were not abandoned in spite of the regular presence of
fishermen. Balat does not mention the size of the control
group nor how hè knew that the unchecked nests had not been
abandoned by the ducks.
Bijlsma (1980) found that nest checks had a significant
negative effect upon the breeding success of Phylloscopus
trochilus. This impact was effected by 4 to 6 nest checks and
was not found for 11 other bird species checked with the same
frequency.
Kury & Gochfeld (1975) found that predation of Phalocrocorax
albiventer by Leucophaeus scoresbii increased by an average
of 18% as a result of 4 experimental visits, each lasting
30-180 seconds, by one person, within one hour.
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Waardenburg (1976) found that no young were reared in 22.7%
of the nests with eggs of Buteo buteo sited less than 50 m
from a road, whereas only 7.4% of the nests sited further
from the road failed to produce hatchlings. This difference,
however, was not significant (though almost). Besides, hè did
not know the egg predator pressure in both distance zones,
and that pressure might have differed.
Positive impacts upon breeding success
Baeyens (1982) found that 77.7% of Pica pica nests near human
settlements (houses or farms) produced young, whereas this
success was only 7.7% far away from human settlements. She
fails to define "near" as a number of metres. The explanation
for the difference in breeding success is found in the
interspecific competition with Corvus corona. The latter is a
nest competitor and egg predator of Pica pica, but it is a
shy species and shuns the human settlements that Pica pica
takes advantage of.
Gibo et al. (1976) found a higher breeding success of Sturnus
vu.Z§raris in one of six study areas. This one was situated in
a "suburban habitat", whereas the other 5 were situated in
rural or "natura!" habitats. Also in this case the absence of
natural predators was used as an explanation.
1.3.2.3. Research designs used in previous impact studies on
birds
The third major criterion for classifying recreation impact
studies on birds is the research design or research strategy used.
More or less following Ward (1978) one can distinguish between:
a. the type of research;
b. the research strategy.
a. The type of research
In general one can distinguish four types of research designs:
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1. descriptive research by means of a description and comparison
of different areas in space (transverse);
2. descriptive research by means of a description and comparison
of the same area at different points of time (longitudinal);
3. descriptive research by means of a description and comparison
of different areas both in space and in time (transverse and
longitudinal);
4. experimental research by means of a description and comparison
of different areas at different points of time of which at
least one has undergone a deliberate stimulus on a well-chosen
moment in time.
Of course, it should be common practice to use a control area
when working with type 2 research. The difference between type 2
and type 3 research is, however, that in type 3 one samples a
series of study areas whose recreation intensity changes over the
years (possibly to a differing degree) while in another complete
series (all "control" areas) the recreation intensity remains the
same. This latter series enables the researcher to study the
population dynamics (autonomous development) at several locations,
so that hè can identify the possible differences in the autonomous
developments between the study plots. An essential characteristic
of type 4 research is that the researcher controls the dose
parameter himself. This is achieved by:
creating the necessary "recreation" intensity with a group of
volunteers or paid co-workers; I shall call this a
simulation experiment;
changing the accessibility of an area in consultation with
the management authority or by making an area or part of an
area more or less attractive to visitors; I shall call these
intensification or extensification experiwents;
finding situations where the autonomous developments in
recreation intensity will probably change abruptly as a result
of manipulations that the researcher cannot control himself;
these manipulations may be intentional and then the difference
between this approach and intensification (or extensification)
experiment blurs. Sometimes uncontrolable factors change
drastically (for example the water quality of a lake suddenly
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deteriorates and the lake acquires a bad reputation for bathing
and next season is shunned by most visitors); such situations
I shall call field experiments or semi-experiments.
One last general remark about the four types of research design
is that one sometimes samples data in more than one year and these
data are subsequently amalgamated into one sample to compare busy
and quiet areas. This was done e.g. by Hooper (1977) and by
Mathisen (1968). Such a study I classify as belonging to type l
research.
Most researchers studying the impacts of outdoor recreation upon
breeding success or breeding density have used type l, a transverse
research design. More than half of the studies mentioned in table l
are of this type. One can also find a fair number of type 4
experiments (abouth one fifth of the studies in table 1). But these
experiments very often have an ethological effect parameter (not
in table 1) or relate to breeding success as an effect parameter
(table 1). The time scale of these experiments is short and varies
roughly between one hour and one season.
Greig-Smith (1980) described a series of very short intrusion
experiments (simulation experiments), whereas Robert & Ralph (1975)
simulated recreation intensities over a 2-month period with
differing frequencies of disturbance.
One of the rarer categories is the longitudinal research (type 2
or type 3) design, with breeding density as an effect parameter.
The exceptional cases I can mention are: Anderson & Keith (1980),
Foin et al. (1977), Kilpi et al. (1980), Van der Ouderaa (1976),
Picozzi (1971), Peitzmeijer (1939, 1944), Randall & Randall (1981),
Reid (1968), Reicholf (1970), Roberts & Roberts (1973), Roderkerk
(1961), De Roos (1981a, 1981b), Saris (1976), Van der Straaten
(1975), Van der Straaten en Verhoef (1971), Schaerlakens (1975),
Tremblay & Ellison (1979), Wiehe (1973) and De Zeeuw (1972). Most
of these are studies in which the researcher failed to select and
sample a proper control area. Control areas were sampled by Picozzi
(1971), Roberts & Roberts (1973) and De Roos (1981a). The lack of
a control area is a serious shortcoming in a longitudinal study
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because one cannot know if the numbers of birds would have remained
constant whether or not recreation intensity had changed.
The rarest category is type 4 with breeding density as an effect
parameter. Most of the experiments done have been simulations and
I know of only one extensification experiment (De Roos, 1981a).
One field experiment is described by Cooke (1981). In this a part
of a lake area was fenced and made inaccessible to visitors.
Unfortunately the sample was very small and no tests were done
using a control area. A similar experiment is described by Tydeman
(1977): in two lake areas fishing was closed in the second year,
whereas in a third area it remained open in both years.
b. The research strategy
By the research strategy I mean the way the researchers try to
tackle the problem of variability in factors, that probably or
certainly influence the effect parameters but that are otherwise
not of importance to the study. I distinguish three strategies or
approaches and use classifications suggested by Ward (1978).
1. The laboratory approach
The researchers "avoid" the problem by carefully selecting study
areas in which the variability of all factors other than the dose
parameter is as close to zero as possible. This approach is
analogous with the way one works in a laboratory and therefore
Ward (1978) came up with the term "laboratory approach".
2. The randomization approach
The researchers ignore the problem by pretending it does not
exist. In practice one tries to select a sufficiently large and
reasonably homogeneous sample of study areas, so that the average
influence of all factors other than the dose parameter is zero.
This approach assumes that the influence of other factors will
have a random effect on the effect parameter within the dose clas-
ses .
3. The multifactor approach
The researchers work out a matrix of factors including the dose
parameter and actively select their study plots in order to fill
each cell in the matrix with samples. This approach is a combination
of both earlier approaches. The variability of factors that are
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not included in the matrix is assumed to be zero (or zero on
average).
In only a few studies have the authors paid attention to the
influence of factors other than recreation intensity, either in
the methods section or in the discussion.
In the large number of transverse studies, using a simple
classification of busy versus quiet or busy versus moderate versus
quiet, one would expect mention of the ceteris paribus assumption
It seems that researchers have used a laboratory approach without
explicitly referring to this assumption. However, in the absence
of information about the criteria used to select study plots, or
of a discussion about possible bias in the results that could be
consequence of the influence of other factors, the conclusions of
these researchers can be biased. Some researchers do pay attention
to the relation with other factors, for example Vermeer (1973) and
Hooper (1977). They described the influence of other factors upon
bird densities, but failed to test how these factors might
influence the relationship between dose and effect.
The same shortcomings can be found in longitudinal studies. One
should ask oneself if factors other than recreation intensity have
changed between the sampling years. For example, Wiehe's study
(1973) fails on this point. He described the changes in his study
area, such as the lowering of the water table, without asking
himself how these changes might have biased his results. The
studies by Titus & Van Druff (1981) and De Roos (1981a) can be
seen as rare examples of the multifactor approach, in which the
authors described how they tried to unravel the complex of factors
that influenced the bird species studied.
1.4. Central question of the study project
The preceding review of disturbance studies has offered some
insights into the nature and number of the gaps in our knowledge.
It was against the background of these insights (some of which
were available in 1976 too) that the goal and central question of
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the research project "Effects of outdoor recreation upon breeding
birds" were chosen. The insights obtained from studying the
literature were translated into suggestions for the study project.
I list 5 of them below.
1. Many previous studies failed to choose a sharply defined dose
parameter. New studies should select from the heterogeneous
mass of recreation activities and try to delineate a more
homogeneous easily measurable dose parameter.
2. The dose parameter chosen should be measurable at as detailed
a level of measurement as possible, preferably using an
interval or ratio scale in order to be able to quantify the
relationships between dose and effect
3. The effect parameter should be applicable in planning and
management and should be relevant for the population size of
a bird species. Breeding density and breeding success are
more suitable for this goal than ethological parameters.
4. The choice of an effect parameter should, as far as the
choice of bird species is concerned, be compatible with the
decision to study habitats heavily used for leisure activities.
Knowledge about the disturbance of passerines is particularly
scarce.
5. Because causality cannot be proven by transverse studies
alone, it is necessary to do longitudinal and experimental
studies too. These research approaches would fill a gap in
the study designs mostly used to date.
The question chosen to be central to the study project was:
"what is the qualitative and quantitative direct impact of
different intensities of activities by pedestrians upon the
breeding density and the breeding success of birds in dune and
forest areas".
The following motives were also important in determining the
choice of this central question:
recreation on foot (pedestrians) was chosen because it is the
most general type of outdoor.recreation; it is easy to define
and fairly homogeneous;
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breeding density and breeding success were chosen as a direct
result of option 3 above (for some additional remarks
concerning this choice see below) ,-
the choice of dune areas was desirable, given the request
made by the dune managers (see 1.2.4.); furthermore, the dune
areas are an important focus of attention in the recreation
versus nature issue, and also there are the dune areas near
Leiden,-
the choice of forests in addition to dune areas was also
desirable because woodland is also a heavily used
environment; little is known about disturbance in forests;
there would be some overlap with the dune areas in bird
species and, last but not least, choosing an extra habitat
would minimize the risk of obtaining unsatisfactory results;
the decision to look for qualitative And quantitative effects
was made not only from the wish to be able to ascertain
whether recreation has impacts upon birds, but also to
ascertain how much recreation results in how great an impact,-
the answer to the last question will strongly increase the
applicability of the results.
Breeding density and population size
Breeding density and breeding success were chosen on the basis
of certain assumpticns concerning the relation between population
density and population size. It was assumed that a decrease in the
density of a species in a study area would result in a lower
population of the species in that study area. This assumption is
based upon the underlying hypothesis that there is a constant
ratio between the number of territory owners and the number of
other individuals present in an area, together constituting the
population in that area.
Both theoretical and empirical evidence support the first
assumption.
a. In longitudinal studies it was found that when densities
decreased, the population also decreased. Wijkhuizen, for
example (in: Udo de Haes & Van der Zande 1977), found that
the population of the Curlew, Nimenius arqruata, was greatly
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reduced in the Kennemerduinen after a period of high
recreation intensities.
b. General ecological theory has a paradigm of carrying capacity:
apart from exceptional situations, the population density of
an animal species fluctuates around maximum carrying capacity.
In other words: all suitable habitats are occupied and a
decline in territory owners density is in fact a decline in
the population size (if population size can be defined as the
total number of breeding pairs in an area). Three exceptions
can be mentioned. One is the case of "new" land, such as
volcanic islands and polders, when the population is still in
its building-up phase. Second is the situation where breeding
territories and feeding territories do not overlap. Such
situations do occur in The Netherlands where meadow birds
feed on the mudflats and breed in grassland areas. Perhaps in
such cases breeding territories can shift to another place,
resulting in a lowered density, without affecting the
population size. The most extreme variant of this situation
is with clustered or colonial birds. However, when the
avoidance of a strip of suitable habitat for breeding also
results in the avoidance of that strip for feeding, then
population size will shrink too because the carrying capacity
is reduced. The third exception will be a situation with a
suboptimal habitat. Because these habitats only have a
function in years of food abundance, recording a lower density
in one year (and also recording a lower population size in
that year) does not mean per se that in normal years the
population will be reduced too. In normal years the habitat
would have been avoided by birds.
A final remark about this relation between population density
and size is that biologists are interested in impacts upon the
genetically defined population (and species) but site managers are
interested in numbers and densities in their own area. Thus
population is here defined as the total number of breeding pairs
in an arbitrary geographical unit (study area).
The motive underlying all the decisions mentioned, which
resulted in the central guestion above, was that the results of
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the study project should be as useful as possible for application
in management and planning, because (see 1.1.) this is mandatory
for this kind of study in environmental biology.
1.5. Hypotheses about the relation between recreation and
birds
In paragraph 1.3. we saw that outdoor recreation has been found
to have both positive and negative correlations with the breeding
success and density of birds. This is not so unexpected: under
different conditions a factor may have a different impact upon the
same species; this is a well-known phenomenon in ecology. It is
more interesting to speculate about what makes these other
conditions different. Several authors give explanations for their
results, particularly if these deviate from what they were
expecting or from what others had already found. Some striking
examples of the latter case are-.
Gavia immer-. Vermeer (1973) found a negative correlation
between the density of this species and recreation intensity,
whereas Titus & Van Druff (1981) did not;
Corvus corax: Ratcliffe (1962) found a relation between the
nesting density of this species and the distance from human
settlements, whereas Hooper (1977) did not.
Numerous explanations can be given: the intensity of the
recreation might have differed greatly between the studies; the
sample sizes might have influenced the results (an unsatisfactory
result because of a too small sample); the recreation intensity
might have been defined very differently,- the vegetation might
have differed greatly between both areas, so that the birds could
find more cover etc., etc.
Each explanation is explicitly or implicitly based upon a model
of the relationship between dose and effect. While it remains
untested, this model has the nature of a hypothesis. Below I shall
review the hypotheses I have found (or inferred) about disturbance.
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I selected four categories to classify the various hypotheses:
a. hypotheses concentrating upon the dose parameters;
b. hypotheses concentrating upon the effect parameters;
c. hypotheses concentrating upon the relationship between dose
and effect;
d. hypotheses concentrating upon causal mechanisms.
Each hypothesis or complex of hypotheses will be assigned an
individual number irrespective of the four categories. I am aware
of the arbitrary character of the typology, resulting in overlap
between the categories and in questionable classifications.
However, I was unable to find a more logical and sharply defined
typology.
a. Hypotheses concentrating upon the dose parameters
These hypotheses try to ascertain what type of recreation is
most "effective", on what time scale and at what general level of
intensity.
1. Outdoor recreation begins to have a negative impact when a
certain level of recreation intensity has been reached. Below
that level, bird densities are not affected. This can be
called the threshold hypothesis. The converse of the threshold
hypothesis is a situation in which the impact is immediately
operative from a zero recreation intensity onwards. In
figure l both alternatives are shown graphically.
2. Effects of outdoor recreation are caused by the peaks in
recreation intensity, which are reached on very busy days
("peak-days"). This hypothesis can be called the peak day
hypothesis and has been suggested by Gendebien & Mörzer
Bruijns (1970), Ter Heide & Zingstra (1974) and by De Roos
(1972). The converse of this hypothesis is that not the
maxima of recreation intensity have the greatest impact, but
the average values or the average values over a restricted
period.
Another alternative is that a bird can remember the
recreation intensity over a longer period (several seasons)
and that therefore the cumulative recreation intensity over a
number of years should be used as dose parameter. The various
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possibilities of this hypothesis are also shown graphically
in figure 1.
a
Impact
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Figure 1. Graphical representation of disturbance hypothesis:
a. threshold hypothesis b. peak day hypothesis
c. synchrony hypothesis.
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The different possibilities can only be distinguished
empirically if the various dose parameters are not strongly
correlated.
Sorae authors underline the importance of the point in time of
the presence of visitors. Obviously, a migratory bird species
will not be influenced negatively by winter recreationers
into the area that will later be used for breeding. This
should discourage the use of annual recreation intensity
figures as estimates of recreation intensity.
Within the breeding period, sub-periods can be discerned in
which the same dose intensity affects the birds to a
differing degree. One could call this the "critica! phase
hypothesis" and it was proposed by Mathisen (1968) and by
Waardenburg (1976) to explain their results.
A particular group believes that disturbance is not caused by
"Mr. Average" but by "Mr. Nature-lover". Average visitors to
an area will not disturb birds, regardless of how many
visitors there are, but disturbance is caused by specialists,
(bird watchers, egg collectors, bird photographers, etc.).
This proposition has found supporters in Kesteloot (1966),
Oniki (1977) and Wiley (1975). This hypothesis could be
called the "special group hypothesis" and its converse is
that the number of visitors is more important than the nature
of their recreation.
Kesteloot (1966) was one of the first to publicize the
well-known phenomenon to bird watchers that birds are more
easily disturbed by a pedestrian than by a man on horseback,
bicycle or in a car. A car, for example, is one of the
simplest observation huts for observing geese. Dupuy &
Verschuren (1978) also highlighted this difference: they
found the disturbance caused by pedestrians was much greater
than that caused by people in boats. Kesteloot ascribes this
response to the to the silhouette of man as a genetically
determined response. I call this the silhouette hypothesis.
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b. Hypotheses concentrating upon the effect parameters
Researchers have often asked themselves why one bird species is
more susceptible to disturbance than another.
6. Birds living in an open habitat with occasional spinneys will
be more conspicuous than birds living in habitats with a
dense vegetation and may therefore be more easily disturbed.
This so-called "open habitat hypothesis" is very difficult to
test. It seems likely that bird species of open habitats are
not on average more susceptible than related species in
wooded habitats, but their chance of being disturbed will be
greater.
7. It is possible that bird species which are subjected to
prolonged contact with visitors are more susceptible than
species that are not. For example, a resident species has to
cope with visitors as long as they are in his living area but
a migrant species only has to cope with visitors in the
overlap period between his and their presence in the breeding
area. This could be called the "synchrony hypothesis" and has
been put forward by De Zeeuw (1977). It is also presented
graphically in figure l.
8. One could postulate that birds that have to perform important
vital functions such as breeding and feeding near the visitor
(on the ground) will be more susceptible to his presence than
species that do not. Ground breeders and ground foragers will
be more susceptible than treetop breeders and foragers.
The more sympatric a species is with man, in a vertical layer
of space, the more susceptible it is, and one could call this
the "sympatry hypothesis". Roderkerk (1961) put forward this
hypothesis in his thesis. However, the direct mechanical
effect of trampling upon the eggs was assumed to be a major
causal factor for the impacts found by Roderkerk (1961).
Impacts caused by trampling upon eggs are fundamentally
different from disturbance caused by the mere presence of
visitors.
9. Some bird species are more conspicuous than others and this
conspicuousness might make them more susceptible to
disturbance. An underlying hypothesis is that disturbance is
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caused by visitors behaving actively towards the birds. Their
conspicuousness might be the reason that diurnal raptors are
disturbed. The conspicuousness might be the result of
different characteristics of the bird species: size, colours,
vocalization, beautiful eggs, etc. Man's awareness of certain
factors changes over time and therefore his appreciation of
conspiciousness may also change.
Nevertheless, the conspicuousness hypothesis might explain
why the medium sized and large bird species (Thrushes and
larger) are disturbed more than the small ones.
c. Hypotheses concentrating upon the dose-effect relationship
Though we know much about the relations between all kinds of
ecological parameters such as humidity, light, food, salinity etc.
etc. and the densities of organisms (the well-known optimimum
curves), we know very little about the form of relationships
between dose and effect (not only as far as disturbance is
concerned). This is not surprising given that most researchers
still concentrate upon the question of whether disturbance exists.
Van der Zande et al. (1980) have already suggested that their data
on disturbance of meadow birds caused by roads implied a semi-
logarithmic relation. In such a relation the impact will increase
with the logarithm of the dose (instead of with the dose itself,
i.e. in a linear relation).
10. In the case of disturbance caused by other types of outdoor
recreation a semi-logarithmic relation might also exist. This
can be called the logarithmic relation hypothesis.
The alternatives are a linear relation or a saturation curve
(diminishing extra impact with an increasing dose).
d. Hypotheses concentrating upon causal mechanisms
The chain of cause-and-effect relationships between a stimulus,
(a change in accessibility of an area for example) and its effect,
(a lower density of breeding birds) can be analysed at several
levels. Within the frameworl: of this study causal chains were
studied on two levels: the ethological level and the ecological
Ievel.
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Visitors in an area represent a complex stimulus consisting of
visual, auditory, mechanical and olfactory sub-stimuli, to which
the birds react. The phenomenon we call disturbance (a lower
density) is the end result of a chain of behavioural responses.
This behavioural response may be very diverse, but of primary
interest are those responses that influence territory settlement
and net reproduction.
Hypotheses can be found both at the level of behaviour itself
and at the level of the consequences on population dynamics.
11. The "stimulus response hypotheses" are dealt with as one
complex of subhypotheses at the ethological level.
One finds evidence of the specificity of the stimulus-
response reaction to man. I have already mentioned
(no. 5) the silhouette hypothesis suggested by Kesteloot
(1966). On the other hand, Greig-Smith (1980) claims
that the bird's response to all ground predators
(humans included) is the same.
One also finds suggestions about the possibility of the
adaptation (habituation) of the stimulus-response
reaction. Cooke (1980) provided statistical evidence for
habituation. On the other hand, reinforcement is also
possible, as Van der Veen (1981) claims for the red
deer. Hunting a bird might perhaps also lead to a
reinforcement of disturbance, (by non-hunters of
course).
Sometimes the idea that the "shyness" of a bird species
is a genetically determined characteristic can be found;
this , would make it possible to classify species into
shy or non-shy categories. This division could be
confused with the more often used division into bird
species that prefer the vicinity of human habitation and
bird species that avoid the vicinity of human habitation
(in Dutch: "cultuurvolgers" and "cultuurvlieders"). The
latter division, however, is based upon the ability of
certain bird species (Gulls, Pigeons, Swallows, House
Sparrow etc.) to take advantage of abiotic and biotic
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circumstances created by man. It is not inevitable that
all species that prefer the vicinity of human habitation
will be non-shy species and vice versa. However, it will
be very difficult to discriminate between the shyness of
these species, because the difference in disturbance
between busy areas and very busy areas has to be
examined. Besides, a generally accepted axiom seems to
be that the selection pressure against shyness will
always prevail, once man has created a favourable
habitat for the species. A good example of this latter
suggestion is Podiceps cristatus. Van der Kooij (1981)
described how Podïceps cristatus was known to be a
cultivation avoider at the beginning of the century, but
has become bolder and now even breeds on city canals.
The causal factor mentioned by Van der Kooij is the
abundance of fish, which has increased with the increase
in the mineral richness of the water.
Several authors give support to the suggestion that the
response to the stimulus depends on the presence of
other birds (of the same or other species). Batten
(1977) observed that small groups of wildfowl fly away
less readily than large groups of the same species
composition. Gendebien & Mörzer Bruijns (1970) observed
that the shyest species in a mixed group determines the
fly-away distance (the weakest-2inJlt-in-the-chain).
Balat (1969) described how one strong stimulus (in his
case a nest check, sometimes effected by lifting the
duck from the eggs) caused a much milder subsequent
stimulus (approaching the nest) to become effective.
When no nest check had been carried out, the duck would
not leave the nest even when the observer was very
close, but after one such check the bird flew away when
merely approached. One could call this a facilitation-
hypo thesis .
It is not known how exactly recreation can influence the
settlement process of a territory, because only a few
observations are available. Only Ratcliffe (1962) suggests
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that a potential nesting place is given a trial period
during which "casual disturbance" rather than "deliberate
interference" might be a cause for its abandonment. This
suggestion goes against the special-group hypothesis (no. 4).
The response to stimuli displayed during reproduction
can be explained by referring to Trivers'theory of
parental investment quoted by Greig-Smith (1980). This
theory predicts that the behaviour during parental care
must be seen as an optimalization process of investing
in the survival of genes present in young and parent.
The survival chance of genes in both young and parent
will influence this optimum. Greig-Smith (1980) attempted
to find out whether the intensity of alarm behaviour
after a human intrusion and also the inclination to
leave eggs, young or nest, can be interpreted in terms
of parental investment. This theory would offer a good
opportunity to test the sensitive periods during the
breeding cycle, that were suggested by Mathisen (1968)
and Haardenburg (1976).
12. A final hypothesis complex is formed by causal mechanism
hypotheses at the level of population ecology. We could call
them popu^ation dynamics hypotheses. Because four fundamental
processes control populations there are only a few ways that
disturbance mechanisms could work. The four processes are:
birth, death, immigration and emigration. However, in case of
a bird population it is possible to reduce these to two:
settlement of territories;
net reproduction (difference between mean number of
births and mean number of deaths).
Disturbance might be the result of an active avoidance of an
area by potential settlers or by the departure of already
settled individuals. The habitat, which is potentially
suitable, does not meet all the birds' needs (becomes an
unattractive habitat).
Disturbance might also be the result of an enhanced number of
deaths in combination with a reduced number of births.
However, to be effective this mechanism must be very strong
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because generally there is much overproduction not only in
the area that is disturbed but also in other areas. Of
course, both avoidance and a reduced reproduction can operate
together. I do not know of any study in which a reduction of
breeding success caused by disturbance was used as a figure
in a life table in order to calculate the effect on population
size.
An interesting subhypothesis is the suboptimal habitat
hypothesis. Kluyver (1951) and Van Balen (1973) have clearly
shown the existence of suboptimal habitats for Parus major,
in which the population fluctuations were stronger over the
years because these habitats were only occupied by second-
class males in years that the species was abundant. Opdam
(1978) mentions this phenomenon with respect to Accipiter
gentilis and suggests that outdoor recreation will primarily
influence the density of that species in situations of
suboptimal habitats in non-peak years. He also suggests that
recreation intensity in the feeding area is more important
than recreation intensity in the nesting area. This suggestion
implies that the mechanism of disturbance works through food:
the food hypothesis.
1.6. Outline of the thesis
In paragraph 1.4. I already pointed out that a request made by a
dune area manager was one of the motives for this study. In
response to this request the study project began with a study that
was intended to ascertain whether outdoor recreation in dune areas
has an effect upon the densities of breeding birds.
Chapter 2 of the thesis presents the results of a transverse
study, based upon data available for a large number of dune areas
between The Hague and IJmuiden. A simple type of multifactor
approach was possible, because not only data were available about
recreation intensities and birds, but there was also a vegetation
map of all areas. Many factors, however, had to be ignored (amongst
others predation by the fox; Roderkerk 1980) and thus I also used
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the randomization approach. Some of the eight bird species studied
in detail showed significant negative correlations with recreation
intensity. The Curlew, Numenius arguata, was the most obvious
example.
However, the study design did not satisfy me for several reasons.
The estimate of recreation intensity was very rough, not only
because it was a figure for annual intensity but even more because
data were only acquired for each management unit and not for each
vegetation type unit. That shortcoming was one of the stimuli to
develop (or modify) methods of counting visitors that met the
requirements of a recreation impact study. In chapter 3 a
summary of an article is presented in which two such methods that
I believe meet those requirements are described. One of these
methods, a "bicycle transect method", was subsequently applied in
the various studies elsewhere.
In chapter 4, another transverse study that was done in seven
wooded areas adjacent to urban residential areas is presented.
Estimates of the recreation intensity for each parcel in these
wooded areas could be made using the results of the bicycle
transect method. The seven study areas were chosen in an endeavour
to find the busiest possible woodlands. In the analysis I hoped to
be able to use the laboratory approach by selecting homogeneous
subsamples, but this approach failed (the samples became too small)
and subsequently a multifactor approach was used. This was possible
because a survey of vegetation structure was available. In this
study too, only the question of whether pedestrians have an impact
upon breeding bird densities was investigated (qualitative
relationships).
Both the dune areas study and the study in wooded areas adjacent
to urban residential areas had their shortcomings: the design was
transverse and the effect parameter was only bird density. It
seemed necessary to include experimental study designs to test the
results of the transverse studies. Breeding success seemed to be
necessary as a supplementary effect parameter because it was
feared that impacts would appear in a later phase of the breeding
cycle, and would be missed if the conventional counting technique
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was used (only recording data for occupied territories). This
resulted in three other studies:
a semi-experiment on Laakse Strand (chapter 5);
a study on Falco tinnunculus using nest-boxes (chapter 6);
a study in Oostelijk Flevoland involving an experiment and
measuring breeding success (chapter 7).
In chapter 5 a summary of the results of a semi- or field-
experiment on Laakse Strand is given. Two breeding seasons were
monitored before recreation intensity intensified as a result of
the opening of a car park and one breeding season was monitored
after the car park was opened. K randomization approach was
followed for the experiment; this seemed justifiable because
control areas were used in the analyses.
In chapter 6 the study of the Kestrel, Falco tinmmculus, is
presented.
A mail questionnaire was sent to ornithologists working with
Kestrel nest-boxes. The questionnaire contained questions about
recreation intensities in the nest-box areas, but also about
environmental factors, so that the resulting data would enable a
multifactor approach to be followed. Such an approach did indeed
appear to be possible.
In chapter 7 the results of two years of study (1978 and 1979)
in Oostelijk Flevoland are presented. This study had already been
started in 1977. Oostelijk Flevoland was selected because it was
thought that its homogeneous vegetation would enable a simple
laboratory approach to be followed. In 1978 a transverse study was
starled with only two recreation intensities, busy and quiet, and
with the aim of ascertaining whether the recreation in this forest
area has a significant impact upon bird densities. Some significant
differences were found between both intensity classes
for Phylloscopus trochilus and a group of species breeding in the
shrub layer. However, there were doubts concerning these results;
doubts about the homogeneity of the woodland parcels, about the
recreation intensity of the busy woodland parcels and about
density as an effect parameter (see also above). Thus in 1979
three follow-up studies were made:
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a detailed vegetation survey was made to enable the 1978 data
to be re-analysed and for use in the 1979 analyses;
a simulation experiment was carried out, creating a high
recreation intensity in the territory settlement phase of
Phylloscopus trochilus;
an observation method was used that enabled me to measure the
breeding success of Troglodyt.es troglodyt.es and of
Phylloscopus trochilus.
The results of these follow-up studies did not completely remove
the ambiguity of the 1978 results but these studies were
nonetheless worth reporting because of the methods used.
Finally, chapter 8 presents a general discussion of the study
results of the preceding chapters. Although each chapter contains
its own discussion section, it seemed necessary to present a
synthesis of the results. In chapter 8 the hypotheses presented in
paragraph 1.5. are discussed again. Moreover the applicability of
the results are discussed in a section entitled "significance for
planning and management". Chapter 8 concludes with some suggestions
and recommendations for further study in the field of disturbance
research.
N.B. Each chapter in this thesis (except l and 8) has been
submitted for publication to a scientific Journal. As a
consequence, each chapter reads as a complete whole, which is
pleasant for those only interested in one or two chapters. A
disadvantage, however, is some overlap in the contents of the
various introduction and discussion sections. On the
title-page of each chapter the Journal to which the text was
submitted is presented and the co-authors are named.
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2.1. Abstract
The debate in 1977 about the optimum management of the mainland
sand-dune areas provided the incentive for an interdisciplinary
project to study the complex relations between natural values,
management measures and human use (recreation) of the dune areas.
The relations between recreation intensity, differences in dune
vegetation and breeding bird densities were analysed using data
from 30 management units totalling 7,331 ha, lying between The
Hague and Umuiden (see figure 1). Bird territory maps based on
bird counts between 1971 and 1977 were used for the following
species: Curlew (Nwnenius arquata), Woodcock (Scolopax rusticola),
Green Woodpecker (Picus viridis), Woodlark (Lullula arborea),
Wheatear (Oenanthe oenanthe), Stonechat (Saxicola torquata),
Whinchat (Saxicola rubetra) and Lesser Whitethroat (Sylvia
curruca). A vegetation typology of Doing was used to correct for
the influence of differences in vegetation. Estimates of recreation
intensity were based upon simultaneous visitor counts on a Standard
day, supplementary counts in large areas and upon already available
figures, partly derived from a mail questionnaire.
In the analyses the birds' preference for busy and quiet areas
was tested and also correlations were calculated between
recreation intensity and the discrepancy between observed and
expected bird numbers in the management units.
The Curlew showed the most pronounced negative correlations with
the logarithm of recreation intensity. This correlation is inter-
preted as a recreation effect and was found occur in the range
between zero and 1,000 visitors per ha per year. The Wheatear,
Whinchat and Lesser Whitethroat also showed strong indications of
a negative correlation with recreation intensity. The positive
correlations between visitor density and the numbers of Woodcock,
Green Woodpecker and Woodlark (see table 5) probably resulted from
biasing factors and were not found in the preference tests (see
table 4).
The implications of the results for planning and management are
discussed and suggestions for further research are made.
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2.2. Introduction
The participation in numbers of the Dutch people in outdoor
recreation has increased enormously since the 1950s, as has the
frequency of their participation. As such this phenomenon can be
seen as an indicator of affluence and success but, as is often the
case, growth causes growth problems.
The demand for areas suitable to receive an increasing number of
visitors and the diminishing availability of such areas as a result
of other developments (roads, building of houses and factories,
influences of agriculture) has created a widening gap and a
critical "markef'situation. In such a situation the problems are
predictable: an increase in competition and a sharpening of the
conflict of interests between producers and consumers. The increase
in competition results in certain kinds of activities being ousted
by others. For example, the phenomenon of tour camping has been
pushed aside by permanent or season camping (or even stone
bungalows). And also the seeker of rest and tranquillity is pushed
aside by the lovers of crowds and vociferous high spirits.
The sharpening of the conflict of interests is most apparent in
the camping and accommodation business. The rising charges for
camping sites have led to many complaints. These problems, however
can be seen as problems of the outdoor recreation sector itself.
Problems also arise between outdoor recreation and other sectors
and interests. This chapter deals with the potential conflict
between outdoor recreation and nature conservation.
The use of areas for outdoor recreation will in general become
abuse once a certain intensity of use has been reached. However,
though this general statement is uncontroversial, the definition
of what is a tolerable recreation intensity in an area is another
matter. Differences in opinion may give rise to conflicts between
organizations representing the visitors and organizations
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representing nature conservation. Although it is not always
apparent in the discussion, both parties in the conflict have to
deal with a dilemma. The nature conservationist wants to preserve
nature, because of nature itself (ethical motive) but also to be
able to know, to see and to enjoy nature. One could call this the
recreation motive and this motive was and still is one of the most
important motives for nature conservation too (Anonymus 1974).
However, as a result of all kinds of developments, natural areas
have diminished in quantity and quality leading to a process of
concentration of visitors in the areas left. Besides this
concentration effect ("last paradise effect") the total numbers of
visitors have increased too. Locally, recreation has become a
major threat and some conservationists recommend drastic measures,
such as termination of all access. The positive approach towards
recreation can change into a negative one: "the fewer visitors the
better".
The dilemma for the outdoor recreation interest groups on the
other hand lies in the adage that one does not want to kill the
goose that lays the golden eggs.
Although one has the desire to be able to visit areas as often and
as unrestrictedly as possible, one wants to be able to do that in
the future too. In other words, the outdoor recreation sector also
has interests in the preservation of attractive natural areas.
Unfortunately though this dilemma holds true for the sector as a
whole it does not hold for the individual visitor nor for the
different types of visitors. What the nature lover considers to
have been already spoiled is still attractive for the jogger. And
the visitor of the future has no say yet.
Since both parties in the conflict have to deal with a dilemma,
both parties desperately need information about the impacts of
visitors upon nature, not only qualitatively but also
quantitatively: information that will enable site planners and
managers to separate imaginary conflicts from the real ones. It is
not unreasonable to assume that much research has already been
done on this topic of recreation impacts. Unfortunately this does
not seem to be the case. Both in the sphere of ecologists (Speight
1973, Liddle 1975, Marren 1974) and interest groups (ANWB 1978) as
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well as in the administrative sphere (Buro Maas 1977, Werkgroep
Programmering Openluchtrecreatieonderzoek 1977) it is apparent
that recreation impact research is still in its infancy and that
there is a great need for quantitative impact research.
Debates, which are sometimes very fierce, are being fuelled by
prejudices instead of facts and one of these debates in The
Netherlands concerns recreation in dune areas. The vulnerable dune
vegetation has been studied by Van der Werf (1977), Boomsma & Van
der Ploeg (1976), Boorman & Fuller (1977) and Blom (1979). A report
of the "Landelijke Vereniging tot Behoud van de Waddenzee" about
the impacts of recreation on the Islands in the Waddenzee seems to
have put the cat among the pigeons, judging by the reactions of
the inhabitants of these islands (Abrahamse 1977, Anonymus 1977).
The fierceness of this reaction is understandable in the light of
the islanders' great economie dependence on tourism.
A new regional plan for a dune area on the mainland instigated
an analogous discussion about the recreation versus nature
conservation problem (for example, see Prins 1977, Udo de Haes
& Van der Zande 1977). Roderkerk (1978) has defended the hypothesis
that the decrease in natural values of the dune areas has been
caused by lowering of the water table, grazing by rabbits, an
increase in the number of foxes or by inadequate management, but
not by recreation.
2.3. Interdisciplinary project
The controversy about the dune areas of the mainland, as
mentioned above, was one of the motives to start a research project
that would study the problem in an analogous way as had been done
for the Wadden Islands.
The objective was to sample parameters of natural value, use
intensity by visitors and management activities of as many dune
areas as possible, in order to be able to analyse the relations
between these parameters. Practical reasons, such as limitations
in travelling time and a limited size of area that a researcher
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can cope with determined the choice of a study area near Leiden.
Between Den Haag and IJmuiden 71 areas were sampled, covering a
study area of 11,254 ha. Aerial photographs that had been taken in
1967 and 1976 were used to map paths and bare areas. Information
about densities of breeding birds was gathered and Information
about visitor numbers was sampled in the field and obtained from
the literature. A mail questionnaire was used to acquire
information about management measures.
A report of the study project was published in 1978 (Studiegroep
Recreatie en Natuurbehoud in de Duinen) and the most important
results were summarized and published by De Knegt (1977). The
limited amount of time resulted in many relations not being
analysed thoroughly. A further analysis of the complex relations
between recreation, vegetation and breeding birds seemed especially
desirable and possible. The results of this further analysis are
presented in this chapter.
The most limiting factor for a further analysis was the
difference in spatial scale between the different parameters
sampled. Recreation intensity figures were only available for
management units and not for vegetation units. In spite of this
limiting factor some clearcut results are worth communicating and
another objective of this chapter is to present methods that have
been developed to analyse recreation impacts upon birds. These
methods might be of use for further research on this topic.
2.4. . Study area
The location of the study area is shown in figure l. The
71 management units are also indicated and those units for which
we were able to acquire a recreation intensity figure are hatched.
Parts of this area have been described thoroughly: Meyendel (Croin
Michielsen 1974), Berkheide (Werkgroep Berkheide 1977),
Luchterduinen (Vogelwerkgroep Haarlem 1974) and Kennemerduinen
(Roderkerk 1975). The vegetation of the total study area has been
described by Doing (1974) and more recently by Bakker et al.
(1979).
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Further Information about the vegetation of the study area can
be found below. A few large management units were split up in
D
N
NOORDWIJK
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ZANDVOORT
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27
,28
;-29 KATWIJK
1 AAN ZEE
H5km
SUBUNITS USED FOR ANALYSES
BUILT-UP AREAS AND ROADS
BORDER OF MANAGEMENT UNITS
» JOK SUBUNITS
Figure 1. The study area between The Hague and IJmuiden divided
into management units and parts of management units;
hatched units and parts of units were used for analyses.
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order to acquire a more homogeneous sample and because different
recreation intensities could be expected and/or measured. These
split units have been used in analysis as separate units.
2.5. Available data
For the analyses three kinds of Information were used: data on
breeding birds, on vegetation and on recreation intensities.
The data on breeding birds were obtained by bird counters
working for the publication "Broedvogels in de Randstad", by
members of Werkgroep Berkheide and members of Vogelpopulatie-
onderzoek Meijdendel. A large number of bird counters gathered the
data in the period 1971-1977. The results of these counts were
assembled and processed in such a way that territory maps are
available for only a limited number of bird species. Three
criteria further narrowed the number of species studied. The
first criterion was that the absolute numbers should allow
reliable statistical conclusions, therefore the scarce (and
perhaps most susceptible) species had to be omitted. The second
criterion was that the species should be specific for dune areas
and the third criterion was that they might be susceptible to
disturbance (an assessment based on best professional expertise).
The 8 bird species that fulfilled these criteria were: Curlew
(itumenius arquata), Woodcock (Scolopax rusticola) , Green Woodpecker
(Picus viridis), Woodlark (Lullula arborea), Wheatear (Oenanthe
oenanthe), Stonechat (Saxicola torquata), Whinchat (Saxicola
rubetra) and Lesser Whitethroat (Sylvia currura).
Territory maps of these species were transformated into a l ha
grid using the l km2 grid of the Topografische Dienst. The
presence and numbers of the 8 species in each grid cell were
assessed. Figure 2 is a map of the total presence of the 8 species
in the northernmost part of the study area, using the grid.
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f f : AREA ENTRANCE
Figure 2. Northern most part of the study area showing the
presence and number of the 8 species studied, in a
l-ha grid.
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The only available inventory of the vegretation of the whole
study area was Doing's description (1974). He developed a
synecological typology of landscape, using geomorphology, soil
characteristics and vegetation as classification criteria. He
divided the landscape of the young dunes into 5 parallel zones
beginning near the sea with an Ammophila type and going eastward
into Rubus, Hippophaë, Koeleria and Corynephorus types,
respectively. Within each major type hè distinguished subtypes.
Table l shows the subtypes that were used in the present study.
Each cell of the ha grid was classified as being of one subtype.
When several subtypes occured in one cell, the subtype with the
largest area was used to classify the cell.
Table l Codes of the major types and subtypes of the Doing vegetation typology
present in the study area.
Amroophila major type
Aa - Anvnophila
Ar - Rubus caesius
As - Eryngium mantimum
Rubus major type
Rr - Rubus c esius
Rh - Hippoph e
Rhk - Hippoph e-Koeleria
Rk - Koeleri
Rks - Koeleri -Silene
Rkh - Koeleri major type
Rcb - Corynephorus -Berberidion
Rs - Silene
Example
Kbr is Koelena-Berberidion-Rubus caesius
Hippophaë major type
Hh - Hippophaë
Hb - Berberidion
Hbc - Berberidion- Corynephorus
Hk - Koeleria
Hkc - Koeleria-Corynephorus
He - Corynephorus
Heb - Corynephorus-Berberidion
Hw - Ptendium
Hz - «oil removed
Koeleria-Hippophae
Ks - Silene
Khs - Hippophaé'-Silene
Kb - Berberidion
Kbr - Berberidion- Rubus caesius
Kbc - Berberidion-Corynephorus
Kc - Corynephorus
Kz
Corynephorus major type
Cv Ca 11 una
subtype of the major type Koeleria
Total yearly visitor numbers were estimated for each management
unit or subunit: well-known multiplication factors between visitor
numbers on a Standard day and total yearly visitor numbers were
used for these estimates (a Standard day is the total number of
visitors on the nth busiest day in a year, which can be
established after that year; see also "Structuurvisie Openlucht-
recreatie" 1977). On April 23 in 1978 (a Standard day) a visitor
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count was performed with a large number of counters counting
simultaneously in the study area. As many management units as
possible were sampled on that day. A management unit was defined
as a united area managed by one management authority under uniform
access regulations. We selected a number of areas whose Standard
day visitor numbers were known from regular counts. The figures
for these areas were used to calibrate the standard day.
Differences in the staying time of the visitors had to be ignored.
A more detailed account of the measurement and calculation methods
of the recreation intensity figures can be found in the final
report of the interdisciplinary study project (Studiegroep
Recreatie en Natuurbehoud in de Duinen 1978).
For each cell in a management unit the recreation intensity of the
total unit was used as recreation intensity value. In other words,
we had to assume uniformity of recreation intensity throughout a
management unit. Because this assumption is less tenable the
larger a management unit is, a few very large units (no. 30
and 41) were split into subunits. Supplementary visitor counts in
these subunits were used to calculate a separate figure for yearly
visitors.
It proved to be possible to acquire all the necessary figures
for 30 management units. These units or subunits (7,331 ha) can be
found in table 3 (A+B) and were used for further analysis (they
are the hatched areas in figure 1).
2.6. Methods
In general one can try to answer two kinds of questions when
working on an impact problem. The first is the qualitative type:
does recreation have a measurable impact upon bird densities? The
second is of a quantitative type: to what extent is the bird
density depressed by a certain recreation intensity (i.e. what is
the dose-effect relation)?. In descriptive studies dose-effect
relations can only be established using situations where all other
factors are presumed to be equal (in space) or to be immutable
(in time). The conditions of this ceteris paribus assumption are
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very seldom met. In such cases one can try to correct for the
differences by calculating an expected value for an effect
parameter. For the present study, several approaches were used to
analyse the data.
2.6.1. Ceteris paribus assumption
We were able to meet the conditions of the ceteris paribus
assumption by calculating a bird density for each individual
subtype.
The samples of cells belonging to the same Doing type or subtype
were used to calculate correlations between bird density and
recreation intensity.
Using this approach we had to make a supplementary assumption:
all relevant differences in vegetation that might influence bird
densities are expressed in the Doing typology and differences that
are not covered by this typology are assumed to have a random
influence.
2.6.2. Bird preference for "busy" or "quiet" areas
A simple qualitative method to test whether bird species had a
preference for busy or quiet areas was by classifying the units or
subunits as "busy" or "quiet" so that the resulting two samples
were approximately equal in area. Using a test based upon the
binomial distribution, we could test the null hypothesis that the
chance of finding a bird territory in a busy area was equal to the
chance of finding one in a quiet area. The probability associated
with the occurrence of a value under this null hypotheses could be
calculated per species over the total area and also over one
vegetation type or subtype. It was assumed that all other
differences were distributed uniformly over both classes.
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2.6.3. Corrections for differences in vegetation
A correction for the influences of the differences in vegetation
can be made as following: one calculates an average bird density
for each vegetation subtype; subsequently an expected number of
birds is calculated for each management unit. This is done by
multiplying the area of each vegetation subtype in a management
unit by the average bird density of the vegetation subtypes and
summing these products. This calculated figure can be used as an
expectancy figure and can be compared with the actually observed
bird numbers. The difference between the expected and the observed
numbers of birds per species could be an effect of the recreation
intensity in the management unit. However one first has to choose
an algorithm to calculate this difference between observed and
expected numbers (henceforth called discrepancy indices).
2.6.4. Indices of discrepancy
The most straightforward discrepancy index is the subtraction of
expected (E) from observed (0) numbers: O-E. A disadvantage of
this index is that the difference between 100 and 101 has an egual
weight as the difference between l and 2. Because ecological
processes work proportionally most of the time, it seems better to
use the quotiënt: O/E. The quotiënt as such, however, has the
problem that the value is the same for all cases where no birds
are found (0=zero) whereas the expected values can differ strongly
(Ê zero). A simple solution to this problem is to add a small
number to numerator and denominator: 0+0.01/E+O.Ol. This small
number will not change the rank of the quotients for the cases
that O^zero. A disadvantage that remains, however, is the
asymmetry of the discrepancy index (when 0>E from l to <*>; when 0<E
from zero to 1). For the calculation of correlation coefficients
this characteristic of the index can give rise to problems. A
symmetrical index is achieved by dividing the difference between O
and E by the average of O and E: 0-E/H(0+E). This index ranges
from +2 to -2, but again does not discriminate for cases when
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0=zero (the index then always equals -2). Because only rank
correlation coefficients were used for analysis this last index
offers no extra advantages and has been omitted from the results
section.
For the last discrepancy index we assumed that the number of
birds in an area was a quantity following a Poisson distribution
(which means that the chance of finding a breeding pair in a part
of a management unit is proportional to the area of that part).
The mu (population mean) expected for a given management unit was
assumed to be the same value as the E (expected number) of that
management unit as obtained from averages of the total study area.
The last discrepancy index used is the chance p for the observed
number (O) or a greater number (probability) . If O and E are equal
than p=1s- If O is much greater than E, p approaches zero,- if E is
much greater than O then p approaches 1. Using probability as a
discrepancy index seems better than any arbitrary algorithm. The
choice of the Poisson distribution is arbitrary too, but has the
advantage of a variance that equals the average. Besides, this
distribution is assymmetrical to zero, and this corresponds with
reality because bird densities cannot be lower than zero. For this
reason Poisson distributions are often used for biological models.
A disadvantage should be mentioned: the characteristic that the
variance equals the average value, does not hold true for higher
bird densities that are limited by territoriality.
2.6.5. Correlations
Coefficients of correlation were calculated between the
recreation intensities of management units and the discrepancy
indices of these units. It was not known whether the figures would
show a normal distribution, nor could a linear relation be
expected. Thus a non parametric correlation coëfficiënt was used:
Spearman's r .
Small management units may have unreliable bird numbers, because
the decision to which unit a territory should be assigned was
sometimes arbitrary and the total numbers could be strongly
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influenced by border cases. Therefore correlations were calculated
both with and without management units smaller than 50 ha.
2.7. Results
In table 2 the numbers of the 8 species are shown for each Doing
vegetation subtype.In this table bird data of an area of 9.458 ha
in the study area have been used and in which the management unit
borders have been ignored. The average bird densities per
vegetation subtype, which were used to calculate an expected (E)
bird number per management unit or subunit, were derived from this
table. The recreation intensity figures for the 30 management
units and subunits are tabulated in table 3. The data in both
tables formed the basis of all calculations.
Table 2 Numbers of bird te r n tor ie s per specie* in the various Doing vegetation
•ubtypei in 9,458 ha of the study area
Species :
Doing
vegetation
subtypes
Al
Ar
A»
Rr
Rhk
Rk
Rki
RUi
Rkb
«eb
B»
Hh
lt>
Hbc
Hk
Kke
He
Heb
H»
Ht
Kk
K>
Kb
Kbr
Kbc
Kc
Kz
Cv
Rhb
Hbrc
Hrbc
Khc
Khs
Total per
species
Tot«l
Area
(ha)
73
181
89
280
45
370
256
86
70
159
92
644
455
520
502
95
34
136
•2
9
308
289
825
361
694
375
28
26
180
175
100
111
332
9,458
Curlew
1
3
11
9
3
1
6
1
20
4
6
25
3
7
4
1
11
2
16
6
2
3
2
3
2
7
212
Wood-
cock
-
7
10
20
3
1
3
1
1
16
31
6
2
1
5
1
114
Green
wood-
pecker
6
6
10
1
2
1
21
4
16
7
1
3
3
2
85
Wood-
lark
6
1
9
1
1
9
7
3
3
1
3
2
1
24
3
21
18
1
1
S
139
Lesser
Mhite-
throat
2
1
2
11
7
21
4
1
1
2
1
1
12
3
18
6
6
10
3
2
128
Stone-
chat
1
6
4
15
3
7
10
4
4
6
5
2
2
3
2
2
9
2
5
1
1
12
3
1
6
146
Whin-
chat
1
3
6
1
2
14
7
18
1
1
2
3
1
1
1
83
wheat-
ear
8
2
21
2
33
23
6
9
21
7
14
2
S
6
7
1
1
2
1
10
19
5
34
10
21
1
7
4
4
19
20
408
Total
2
18
6
55
5
54
45
16
11
36
14
86
38
74
62
13
3
21
4
1
21
31
91
53
116
65
2
3
31
24
12
36
37
1,315
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Table 3. Estimates of recreation intensity in persons per ha per year for the
30 management units (or parts of these units) that were used for
analyses.
B. Units or subunits also used for busy
versus quiet preference tests
Quiet Busy
<<200 persons/ (>200 persons/
ha/year) ha/year)
A. Units or subunits used for rank
correlations
Unit Perc./ha/year
2a
2b
6
7«
16b
19
22a
23a
30a
30b
30c
30d
30e
301
30k
32a
37
38
41a/b
46c
1,300
71O
180
24O
1,600
490
2,900
630
76
163
23
153
71
33
0
2,400
2,400
590
455
190
30g
3Oh
42a
46b
46a
46d
46e
46f/g
46i
47 a
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2.7.1. Graphs of dose-effect relations
In figure 3 the densities of Curlew and Wheatear are plotted
against the logarithm of recreation intensity. It appears that a
log-transformation of recreation intensity yields a linear
relation with bird densities. In most subtypes and for most
species, however, the number of territories per vegetation subtype
is too low to enable definitive conclusions to be drawn. This
problem of smallness of the sample can be solved in different
ways.
First it is possible to amalgamate samples by reducing the
number of vegetation types. Instead of plotting the bird densities
in a vegetation subtype against recreation intensity it is also
possible to plot densities in a major vegetation type. Figure 3
also shows some graphs of Curlew and Wheatear densities in a major
vegetation type (Koeleria). Though the correlations improve as a
result of this, there are some risks in using this strategy. It is
possible that bias is introduced by the preference of a bird
species for certain vegetation subtypes. A heterogeneous
distribution of such vegetation subtypes over recreation intensity
might introducé biased results. Nevertheless it could also
introducé variability and a greater scatter in the graphs. However,
the improved correlation resulting from the larger sample seems to
be dominant.
Another strategy is to reduce the number of recreation intensity
classes, for instance by changing a continuous guantity into an
ordinal quantity with a small number of classes.
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2.7.2. Bird densities in busy and quiet areas
In table 4 the results of a test using the binomial distribution
(see 5.2.) are shown. Species for which the null-hypothesis - that
there is an equal chance of finding their territory in busy or
quiet areas of the same size - was rejected are indicated with a
plus or a minus sign. A plus sign indicates a preference for busy
management units or subunits and a minus sign indicates a
preference for quiet units or subunits. A zero sign indicates
acceptance of the null-hypothesis. This test was done for the
individual subtypes and a number of 200 visitors per ha per year
was used as a criterion to distinguish "busy" from "quiet" areas.
The choice of this recreation intensity made it possible to split
the samples into parts of an almost equal area, a necessary
prerequisite for the binomial test.
In table 4 it can be seen that 6 of the 8 species had a
significant preference for quiet units. However, this preference
did not show for each separate vegetation subtype. This may have
been the result of a smaller sample size. In the vegetation
subtypes Rr and Rh the preference for quiet is especially clear.
The Stonechat showed no preference in any of the individual
subtypes but showed an overall preference for busy. The Woodlark
was not consistent in its preference and preferred quiet in the
subtypes Rr, Rks, Kbc and Kc but preferred busy in the subtype Hh.
The overall preference of the Wheatear was for quiet but a
preference for busy was shown in Rks and Kbr. The overall
impression of table 4, however, is that 6 of the 8 species showed
a preference for the quiet areas.
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Table 4. Results of a binomial test of the preference of B bird species for
busy or quiet areas.
Bird
species
Vegetation
type
Rr
Rh
Rk
Rks
Rkb
Rcb
Hh
Hb
Heb
Hk
Kk
K»
Kb
Kbr
Kbc
Kc
Rhb
Hbrc
Hrbc
Khs
All areas
+
Curlew Wood-
cock
-
0
0
-
0
0 O
0 0
0
0 O
-
0 O
o
0 0
0 0
0
0
o
-
-
significant p
Green
wood-
pecker
0
o
-
0
0
O
o
o
0
0
-
reference
Lesser
White-
throat
-
o
0
0
0
0
o
o
o
o
o
0
o
-
-
for bus;
Stone- Wood- Whin-
chat lark chat
0
o o
0 0
0
0 0
O
0 +
O O
0 O 0
O 0 -
O 0
0
O 0
0 0 O
0
-
0
o
o
+ 0
! areas (p<0.05)
Wheat-
ear
-
-
+
0
-
o
0
o
o
o_
-
o
+
o
-
0
0
o
0
-
Total
-
-
o
0
0
0
-
O
o
-
o_
-
o
+
.
-
o
0
-
-
-
significant preference for quiet areas (p<0.05)
o no significant preference (p>0.05)
blank no probability was calculated because the sample was too small or
because the area could not be almost equally divided into "quiet"
and "busy" (the criterion was that the smaller category had to be
at least 25% of the area).
Vegetation types that could not be evenly divided between "quiet" and "busy"
were omitted.
2.7.3. Observed numbers of birds versus expected numbers
Calculating an expected number of territories in a management
unit (2.5.4.) is in fact another strategy of aggregation. In this
case the management unit is the chosen level of aggregation and
the advantage is that differences in vegetation subtypes are not
neglected but are taken into account in the calculations. In
table 5 the correlation coefficients between some discrepancy
indices (see 2.5.4.) and recreation intensity are shown.
Table 5. Spearman rank correlations between recreation intensities of management
units and: observed numbers of birds per ha, expected numbers of birds
per ha and discrepancy indices between observed and expected numbers;
coefficients were calculated with and without management units
smaller than 50 ha.
Species
Observed/
ha
Expected/
ha
0-E/ha 0+0. Ol/
E+0.01
P(Poisson) )
All management units
Curlew
Woodcock
Green Wood-
pecker
Woodlark
Lesser
White throat
Whinchat
Wheatear
Stonechat
-0.756**
-0.260
-0.202
+0.159
-0.537**
-0.519**
-0.031
+0.161
Without units smaller
Curlew
Woodcock
Green Wood-
pecker
Woodlark
Lesser
White throat
Whinchat
Wheatear
Stonechat
* P<5%
** p<l%
-0.717**
+0.057
+0 . 145
+0.210
-0.340
-0.405
-0.209
-0.206
-0 618**
-0.326
-0.194
+0.019
-0.479*
-0.464
+0 . 099
+0.235
than 50 ha
-0.762**
-0.094
+0.147
+0.138
-0.224
-0.508*
-0.056
+0.024
' ) To enhance the comparability the
2 ) Only one
included
management unit with a
-0.616*
-0 . 064
-0.111
+0.380*
-0 . 148
-0.127
-0.125
+0.103
-0.535*
+P.203
-0.053
+0 . 397
-0.191
-0.072
-0.365
-0.265
* -0.606**
+O .029
-0.035
+0.352
-0 . 248
-0.386
-0.060
+0.017
-0.532*
+0.204
+0.121
+0.237
-0.147
-0.292
-0.471*
-0.338
-0.690**
-0 .044
-0.036
+0.131
-0.239
-0.354
-0.331
-0.037
-0.590**
+0 . 109
+0.111
+0.113
-0.131
-0.268
-0.404
-0 381
sign has been reversed
recreation intensity of zero has been
The Curlew shcved a significant negative correlation not only
between observed numbers per ha and expected numbers per ha with
recreation intensity, but also with all discrepancy indices. For
this species it was also immaterial whether the small management
units were omitted.
The correlations for the Woodcock and the Green Woodpecker were
very low and sometimes even positive. The Woodlark was consistent
in its positive though unsignificant correlations between
recreation intensity and discrepancy indices, which would suggest
a positive influence of recreation upon the densities of these
species.
Lesser Whitethroat and Whinchat consistently showed negative
correlations which, however, were low and never significant. The
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Wheatear also showed ncgative correlations and for this species
there was a marked improvement in the correlations when the small
management units were excluded.
The Stonechat showed both negative and positive correlations,
which were low, never significant and only showed a slight
improvement after correction for the small units.
The overall impression is that some species such as the Curlew
and the Wheatear consistently showed high negative correlations.
The choice of a discrepancy index did not greatly influence the
results for these species.
In figure 4 the Poisson probability discrepancy index is plotted
against recreation intensity. The logarithmic relation of figure 3
is apparent when either a linear or a semi-logarithmetic abscissa
is used. It can be seen that the dose is effective when it is
between zero and 1,000 persons/ha/year. Above this intensity
Curlews are usually absent. Because the bird density cannot fall
below zero, the discrepancy cannot increase any further and it
becomes difficult to interpret the further part of the graph.
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Figure 4. The Poisson discrepancy index of the difference between
observed and expected number of Curlews plotted against
recreation intensity and against the logarithm of
recreation intensity; management units or subunits
without Curlew territories are indicated separately, as
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2.8. Conclusions and discussion
The following conclusions can be drawn from the results:
1. Woodlark and to a lesser degree Stonechat showed positive
correlations between territory density and recreation
intensity;
2. Green Woodpecker and Woodcock showed no clear correlations
between recreation intensity and density;
3. Wheatear, Whinchat and Lesser Whitethroat showed strong
indications of a negative correlation between recreation
intensity and density;
4. the density of the Curlew was strongly and significantly
negatively correlated with recreation intensity. The negative
correlation remained even after corrections for differences
in vegetation and the negative relation seemed to be with the
logarithm of recreation intensity rather than with recreation
intensity itself.
These conclusions can be questioned in terms of the validity
of the analyses and in terms of the reliability of the data. The
latter criticism can refer to the three types of data.
A. Recreation intensity
The scale and accuracy of the recreation intensity estimates
were limited. The choice of the factor Standard day : yearly
visitor number had major repercussions on the figures. The
visitor counts and the supplementary counts in parts of
management units were done on one day and chance will have
had an influence. On the other hand, these figures were only
used to classify the management units in a two class system
and to rank the units according to intensity of recreation.
Only very large errors would have influenced the ranks
between areas.
B. Bird densities.
Bird counts are known to contain many errors (see Berthold,
1976).
a. Differences between bird counters
These errors can be made during counting itself and
during interpretation of the observations. Experienced
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ornithologists have been shown to make counting errors
that can be as large as 40% (Enemar 1963). Differences
that arise during the interpretation of the same
observations can even give rise to a 75% discrepancy
(Svensson 1974). Also the number of visits to the study
area strongly influences the number of territories found
(Opdam & Reijnen 1978). Another possible error of
unknown magnitude can be the preference of the more
skilled bird counters for the quiet areas.
b. Differences between the years.
It is a well-known phenomenon that bird populations can
fluctuate markedly over the years, for example as a
result of severe winters. The bird counts were done in
different years and that might bias the results. It is
doubtful, howéver, that these errors, however severe,
had a systematic influence upon the relation studied,
because there were so many bird counters (even per
management unit). A systematic error might result from
the different bird counting years, for instance if birds
in busy management units or subunits were counted in
non-peak years and birds in quiet management units or
subunits in peak years. However, a calculation of the
correlation between recreation intensity and year of
bird counting showed no significant effect. Thus we
conclude that no systematic errors arose from the bird
counts.
Vegetation
The scale and detail of the Doing typology has a limited
relevance for the problem studied. The typology was not made
to study the relations between bird densities and vegetation
differences. For instance Doing classified the subtypes
according to the species of shrubs and herbs, whereas for
birds the coverage and openness of a shrub vegetation will be
of more importance. Nevertheless, strong correlations were
found between bird densities and vegetation subtypes and
although the typology does not contain all relevant
vegetation parameters for birds, it does certainly contain a
- 86 -
considerable number of the major aspects. Again it seems
unlikely that the shortcomings of the vegetation typology
will result in biased correlations.
The analyses can be criticized in terms of the assumptions and
of the inferred cause of the results.
An important assumption is the homogeneity of the recreation
intensity in a management unit. This assumption is simplistic,
because it is well-known that differences in vegetation also cause
differences in recreation intensity. This fundamental shortcoming
of the study could not be solved and can only be resolved by
further research. However, the tests using the binomial
distribution would not have been greatly influenced by this
shortcoming.
The second unanswerable problem remaining is the question of
causality. Can the results be interpreted as a recreation effect
or are still other factors responsible for the differences in
density? It may be that visitors avoid the Curlew habitats and
that this visitor preference results in a negative correlation.
However, the results in table 4 show that the bird preferences for
quiet areas can be found in all sorts of vegetation types.
Causality is assumed for the Curlew and because causality can
work in both directions we interpreted the causality as an
avoidance of busy areas by the Curlew (and not an avoidance of
Curlew rich areas by the visitors).
Other researchers have assumed that the Curlew is susceptible to
recreation, but this has never been statistically tested. Studies
of the behaviour of this species have shown that the Curlew flies
away when an approaching person is still a great distance away
(Zwarts 1972, Gendebien & Mörzer Bruijns 1970, Citroen et al.
1976) probably resulting in a diminished food intake and a lowering
of the breeding success. In another dune area where birds were
counted for several years and where recreation intensity increased,
the number of Curlews decreased strongly (Udo de Haes
& Van der Zande 1977).
The positive correlation between recreation intensity and bird
density for the Woodlark and Stonechat is difficult to interpret.
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If causality is assumed it is difficult to envisage an ecological
mechanism that would result in visitors having a positive
influence on the densities. Birds in cities might benefit from an
extra food supply (even active feeding) but in the dune area a
relation working through food is not likely. Another mechanism
could be the indirect influence upon the habitat, making it more
favourable for both bird species. This mechanisation could only be
plausible for the Wheatear, which prefers bare sand dunes with a
sparse vegetation (and rabbit holes); it would not hold for the
Stonechat and the Woodlark.
It is, however, striking that table 4 shows that the Woodcock
generally prefers quiet areas. This result leads us to suspect
that the correlations are biased for both these species. Birds and
visitors rnay prefer the same vegetation types, but in the denser
covered vegetation types (with thick thorny Hippophae rhamnoides)
the visitors will stay on the paths and will not penetrate the
management unit. An extra explanation for the Woodcock might be
that the visitors have already left the management units when the
woodcocks become active (during sunset and twilight). Visitors and
birds might not be in conflict because they are not synchronous.
It is perhaps needless to say that the fact that no relations
between recreation intensity and bird density were found for some
species does not mean that has been proven that these relations do
not exist.
2.9. Relevance for site managers
In this chapter it has been shown that in a dune area one has to
take account of possible negative effects of visitor densities
upon bird densities. This conclusion contrasts with those
formulated by other researchers (Prins 1977, Roderkerk 1978) who
claim that decreasing bird numbers are caused by all kinds of
other factors but not recreation intensity. The negative relation
between visitor densities and bird densities was most pronounced
for the Curlew, and this species can be regarded as the most
susceptible species to recreation found to date. If the management
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goal is to achieve a zero-effect of recreation upon natural values,
then the density of the Curlew could be used as an index of the
situation.
The logarithmic character of the relation implies that a certain
number of extra visitors will do disproportionally more harm in a
still quiet area than in an already busy area. One could use this
fact to argue against a policy of distributing the visitor numbers
evenly over an area and to argue in favour of zoning.
2.10. Necessity for further research
The shortcomings and gaps in this study are in themselves
incentives for further research. A first demand to be met is the
need to obtain data about visitors, birds and vegetation on the
same spatial scale and from the same year or years.
The vegetation data should be more in agreement with existing
knowledge about the relations between bird densities and
vegetation differences. Vegetation structures seem to be more
important than the plant species composition of a vegetation. The
large number of bird counts that are done all over the country
would be of more use for planning and management if simultaneously
a vegetation map and an inventory of human land use were made.
Experiments are very desirable to test and prove the causality
of the relations found. The measures often adopted by site
managers (e.g. changes in accessibility or in path lay-out) can be
regarded as field experiments. Such areas could be studied if a
control area is available and sufficiently large samples can be
expected. Both descriptive and experimental studies are hampered
if an area is heterogeneous - as is usually the case in dune
areas. More homogeneous habitats provide a better prospect for
quantitative studies, because it is easier to fuifil the ceteris
paribus assumption.
Another strategy to avoid the problem of areal heterogeneity is
to concentrate upon more abundant species which will yield large
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numbers for a smaller area. The Willow Warbler, Phylloscopus
trochilus, is such a species in the dune areas.
The choice of the most relevant recreation intensity parameter
is also an important issue for further research. Another (extreme)
parameter for recreation intensity might be the peak number of
visitors in the busiest day during the breeding season. Apart
frora the quantification of recreation intensity, also the
qualification of recreation can be regarded as a weak spot in
recreation impact ecology. This weak spot is important for the
application of the study results, because only when it is known
what kinds of visitor behaviour cause the deleterious effects can
a policy of selective accessibility be accomplished. I hope that
the methods and results of this study will stimulate more
ecologists to study the complicated relation between recreation
and bird life.
- 90 -
2.11. References
Abrahamse, J. (cd.) 1977. Eilanden onder de voet. Landelijke
Vereniging tot Behoud van de Waddenzee, Harlingen.
Anonymus, 1974. Doelstellingen en motieven voor het natuur- en
landschapsbehoud. Trefpunt 9: 330-333.
ANWB, 1978. Openluchtrecreatie en Nationale Parken. ANWB-brochure,
's-Gravenhage.
Bakker, T.W.M., 1979. Duinen en duinvalleien. Pudoc, Wageningen.
Berthold, P., 1976. Methoden der Bestandserfassung in der Ornitho-
logie: üebersicht und kritische Betrachtung. J. Ornithol. 117:
1-60.
Blom, C.W.P.M., 1979. Effects of trampling and soil compaction on
the occurrence of some Plantage species in coastal sand dunes.
Baers en Morel B.V., Rotterdam.
Boomsma, J.J. & S.W.F, van der Ploeg, 1976. Effecten van meerjarige
experimentele betreding op een duinvallei, deel I. Instituut voor
Milieuvraagstukken, werknota nr. 68. Vrije Universiteit,
Amsterdam.
Boorman, L.A. & C.R.M. Fuller, 1977. Studies on the impact of paths
on the dune vegetation of Winterton, Norfolk, England. Biol.
Conserv. 12: 203-216.
Buro Maas, 1977. Openluchtrecreatie en Nationale Landschapsparken.
Staatsuitgeverij, 's-Gravenhage.
Citroen, D., M. Hagg, J. Schoorl & A. Wieberdink, 1976. De invloed
van verstoring door de mens op het (broed)gedrag van de wulp.
Zoölogisch laboratorium, Amsterdam.
Croin Michielsen, N. (ed.), 1974. Meijendel, duin-water-leven.
Mededeling van het Meijendelcomité, Nieuwe Serie Nr. 28.
's-Gravenhage. Van Hoeve B.V., Den Haag/Baarn.
Doing, H., 1974. Landschapsoecologie van de duinstreek tussen
Wassenaar en IJmuiden. Mededeling Landbouwhogeschool Wageningen,
74-12.
Enemar, A., 1963. A comparison between the bird census results of
different ornithologists. V8r Fagelvarld 21: 109-120.
Gendebien, J.F. & M.F. Mörzer Bruijns, 1970. Recreatiegevoeligheid
van vogels. De Levende Natuur 73: 85-88.
- 91 -
Knegt, N. de, 1979. Duinrecreatie. Duin 79 (1&2): 15-20, 7-10.
Liddle, M.J., 1975. A selective review of the ecological effects
of human trampling on natural ecosystems. Biol. Conserv. 7: 17-36.
Marren, P.R., 1974. Ecology and recreation. A review of the
European literature. Dept. of Botany and Microbiol-, University
College, London.
Opdam, P. & R. Reijnen, 1978. Broedvogelinventarisatie met de
karteringsmethode: een methodologisch onderzoek. Vogeljaar 26:
163-168.
Prins, J.P., 1977. Recreatie, natuurbehoud en waterwinning in de
duinen tussen Scheveningen en Katwijk. Recreatie 15: 191-198.
Roderkerk, E.C.M., 1975. De Kennemerduinen. Schuijt & Co C.V.,
Haarlem.
Roderkerk, 1978. Reactie op "Recreatie en natuurbehoud in de
duinen". Recreatie 16: 92-94.
Speight, M.C.D-, 1973. Outdoor recreation and its ecological
effects; a bibliography and review. Discussion papers in
conservation 4. Dept. of Botany, Westfield College, Univ. of
London.
Structuurvisie Openluchtrecreatie, 1977. Staatsuitgeverij,
's-Gravenhage.
Studiegroep Recreatie en Natuurbehoud in de Duinen, 1978.
Duinrecreatie - een onderzoek naar het recreatieve gebruik
van de duinen en de gevolgen daarvan voor het natuurlijk
milieu. Centrum voor Milieukunde, Rijksuniversiteit van
Leiden.
Svensson, S., 1974. Interpersonal variation in species map
evaluation in bird census work with the mapping method. Acta
Ornithol. 14: 179-193.
Udo de Haes, H.A. & A.N. van der Zande, 1977. Recreatie en Natuur-
behoud in de duinen. Recreatie 15: 157-173.
Vogelwerkgroep Haarlem, 1974. De betekenis van de Amsterdamse
Waterleidingduinen als natuurgebied en de noodzaak en mogelijk-
heden tot bescherming ervan tegen te hoge recreatiedruk.
Zwanenburg.
Werf, S. van der, 1977. Ecologische aspecten van recreatie. Land-
bouwkundig Tijdschrift/pt 89: 368-371.
- 92 -
Werkgroep Berkheide, 1977. Berkheide; evaluatie van het duingebied
tussen Katwijk en Wassenaar over 1976. Voorlopig verslag. Leiden.
Werkgroep Programmering Openluchtrecreatie Onderzoek, 1977. Advies
van de Werkgroep Programmering Openluchtrecreatie Onderzoek.
Deel II. Ministerie van CRM, Rijswijk.
Zwarts, L., 1972. Verstoring van wadvogels. Waddenbull. 7(3): 7-12.
- 93 -
CHAPTER 3
DISTRIBUTION PATTERNS OF VISITORS IN LARGE AREAS
-A PROBLEM OF MEASUREMENT AND ANALYSIS *
Summary
When studying the ecological impacts of outdoor recreation one
has to choose the most appropriate way to estimate recreation
intensities. In the study project "Effects of outdoor recreation
on breeding birds" it was not only necessary to know the total
number of visitors in a study area, but also their pattern of
dispersion.
The two methods are described and discussed to measure the
pattern of dispersion of visitors in an-area: the "numberplate
method" and the "bicycle transect mettiod".
The numberplate method uses a set of characteristics of each
group of visitors as "numberplates". By recording the
characteristics of the visitor groups at different spots in the
area one can reconstruct the routes they followed and estimate
their staying time on this route.
This method has been used in a dune area in 1976. The method
has a major disadvantage: the large number of counters needed to
sample a large area or an area with a dense network of paths.
In large areas the bicycle transect method can be used. The
counter cycles through the area over a well-chosen transect and
records every encounter with a group of visitors on a map and on
a list. The transect is counted several times a day and a sample
of counting days per season is planned. A formula is derived to
This chapter was originally published in Dutch in
Recreatievoorzieningen 14: 233-238, with A.J. Poppelaars and
W.J. ter Keurs as co-authors. An English version has been
accepted for publication in Leisure Studies. The several
studies in this thesis can be understood when the basic idea
of the bicycle transect method is understood. Further
information would unnecessarily lengthen the thesis further
and can be found in the publication.
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calculate the real frequency of passersby over a path from the
recorded average frequency of encounters. This method had been
used in different areas in The Netherlands and in different years
(1979, 1980). The correlations of the recreation intensities
of the various path segments (a path length between two crossings)
between different counting days in the same season (between March
and July) and between different years appeared to be high. These
high correlations offer the opportunity to keep the sample of
counting days low.
After describing and discussing the advantages and disadvantages
of the two methods, an improved counting method based upon both
methods is proposed. Using the bicycle transect count method one
could also record some characteristics of the encountered groups
visitors. These characteristics could be correlated with the
behaviour type of the visitor group and could thus be used to
qualify the recreation on different paths. This new method still
requires further research, but we believe that it offers good
prospects for recreation researchers and site managers.
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CHAPTER 4
IMPACT OF OUTDOOR RECREATION ON THE DENSITY OF A NUMBER OF
BREEDING BIRD SPECIES IN WOODS ADJACENT TO URBAN RESIDENTIAL
AREAS*
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4.1. Abstract
Outdoor recreation is often supposed to have an important impact
on wildlife, though this assumption has not been tested very often.
The lack of knowledge becomes apparent in situations where parties
with conflicting interests disagree about the number of visitors
an area can carry without major repercussions.
In 1980 the possible disturbance effects of recreation upon bird
densities were studied in 7 study plots in The Netherlands. These
plots are wooded areas adjacent to urban residential areas and
have a total area of 264 ha. Breeding birds were counted by mapping
the singing males and the vegetation structure of the plots was
surveyed. Visitors were counted in 1981 using a transect method.
Visitor counts on Wednesday and Sunday were transformed into several
recreation intensity estimates. For analysis the plots were divided
in 268 woodland parcels, each with a fairly homogeneous vegetation.
Different approaches were used, including both a priori and
a posteriori methods. Of the 31 bird species found, only 13 could
be studied in detail, because they were present in at least
20 territories.
Significant negative correlations between recreation intensities
and bird densities were found for 8 of these 13 species.
Correlations were different for coniferous and deciduous parcels.
The slopes of regression lines enabled a ranking of the 8 species
in the following sequence of decreasing susceptibility:
Streptopelia turtur, Sylvia borin, Phylloscopus trochilus,
Turdus philomelos, Phylloscopus collybita, Columba palumbus,
Sylvia atricapilla and Fringilla coelebs.
Recreation intensities based on weekday visitor counts yielded
higher negative correlations than intensities based on weekend
visitor counts. Logarithmic transformation of the recreation
intensity estimates generally improved the correlations, indicating
that the relation between recreation and bird density is a semi-
logarithmic one (like many biological dose-effect relations).
A principal component analysis (pca) gave extra support to the
hypothesis that the negative correlations can be regarded as a
direct effect of recreation. However, statistical theory failed to
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provide an adequate solution for handling territorial species in
a pca. The implications of the results for planning and management
are discussed using as an analogy the toxicological concept of
LD50 (lethal dose for 50%).
4.2. Introduction
4.2.1. Recreation as a problem
Outdoor recreation has been known as a possible threat to nature
conservation for a long time. In 1928 the Californian State Printing
Office published a report about the effects of "excessive tourist
travel" upon the Californian Redwood Parks (Meinecke 1928). The
problem has its roots in a growing discrepancy between the "supply"
and "demand" of attractive areas for recreation. The demand in
number of visitors has strongly grown since World War II, while
the area to receive them has shrunk; both in a quantitative and in
a qualitative way as a result of many kinds of human influences.
It is surprising that the repercussions of recreation on bird
life are often mentioned while researchers have paid only scant
attention to these effects (e.g. see Speight 1973, Marren 1974,
Liddle & Scorgie 1980). Poltz (1977), for example, discusses the
population dynamics of 48 uncommon or rare bird species in well
studied areas in Germany. Recreation is mentioned as a possible
cause for the decline of 14 out of 23 significantly decreasing
populations, but no convincing evidence is given.
V/all (1977) has compiled a bibliography of the literature
concerning the impacts of recreation on nature. Only 15 of the
183 titles gathered explicitely refer to impact studies on fauna,
and only 3 relate to birds.
4.2.2. Recreation impact study strategies
An important reason for the poor level of knowledge might be the
methodological complexity of the problem. In order to be able to
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draw conclusions on processes (cause-and-effect relations) by
analysing patterns (spatial diffcrences in de^sities) several
assumptions have to be made.
The influencing process of recreation is supposed to be in a
"steady state", meaning that the bird densities are completely
"adjusted to" the recreation intensities actually present.
Recreation areas are often areas with a complicated structure and
other human influences often affect animal and plant life as well.
Such situations call for a well chosen research strategy. There
are three research strategies in use. These strategies are
described in paragraph 3.2.3. of chapter 1.
4.2.3. Choosing an object of study
The impact of recreation upon birds can be direct and indirect.
Direct impacts are a response to the presence of visitors in an
area and are often called disturbance. Van der Zande, Ter Keurs &
Van der Weyden (1980) defined disturbance as the reduction in
density of bird populations caused by the presence of a human
stimulus at some distance.
In our study we also had to consider the choice of a "target"
species (Ward 1978) and a "target" habitat. Ward uses the word
target to indicate that a number of different motives can lead to
the choice of a certain species or habitat as an object of study,
especially in policy-oriented impact research.
Because no significant impact of recreation upon bird densities
was found in previous studies, which was explained as an effect of
a too low dose, we decided to search for study areas with a very
high intensity of recreational use. In doing so, we fortuitously
found that the Research Institute for Forestry and Landscape
Planning (De Dorschkamp) was studying the relation between town
planning and woodland use in 8 study areas in The Netherlands (De
Dorschkamp 1980). Although their selection of study areas was aimed
at maximizing the differences in the characteristics both of the
woods and of the adjacent residential areas, we accepted this
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methodological disadvantage and joined in with our project in the
1980 breeding season.
We assumed that their study areas had an intensity of recreational
use which is only exceeded by that found in city parks.
Disturbance could be a key factor in such areas, overshadowing the
influence of all other factors on bird densities. Also we hoped to
be able to select homogeneous sub-sites at each major site and thus
a possibility of working with subsamples which meet the claims of
the laboratory approach.
4.3. Study areas
Figure l shows the location of our study areas and table l gives
some characteristics of the plots. Sketch maps of each plot are
also shown on figure l. Differences in vegetation and in recreation
intensity are dealt with in detail in the section on results.
4.4. Methods
4.4.1. Sampling design
Our sampling design is based on the assumption that each parcel
of woodland in a plot can be considered an independent sample. A
parcel of woodland is a part of a study plot generally surrounded
by paths and with a more or less homogeneous vegetation. The choice
of this sampling design implied that we had to sample the chosen
variables for each parcel.
Recreation intensity variables could not be measured directly at
the parcel level and we had to find ways of assigning a value to
each parcel. This approach was preferred to one using grid cells
as sampling units, because the variability in vegetation within
each parcel is small compared with the variability between parcels.
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Table l Some general characteristics of the «ven itudy ploti
3 Ar** (ha)
Soil type1
P
Oranjewoud
5°57' E
40 7
116 3
É
Dronten N
B
5°40' E
10 6
50 3
Dronten S E
5°39' E
25 .5
5O ^
't Harde
t
5*51' E
32 7
124 3
1900
1974/75
Zeist
0
5°20' E
76.6
124/121 3
1850
Doorwtrth
5°45' E
20 9
124/149 -1
1500
1950/60
Ulvenhout
4°45' E
54 9
106/110 3
1960/65
1 Soil map 1.200.000 Atlas of The Netherlands Soil Survey Institute. Wageningen
2 Estunate of local authoritiea (telephone inquiry)
3 SO clay 110 v«ry loamy fine sand 121 non-loamy occasionally
106 very loamy fine »«nd 116 non-loamy fine aand slightly lo»«y coarie sand
123 c«Bpl*x of ice-pushed ridges. 124 non-loamy. occaaionally slightly 149 *lope-compl«x, coarse sandy
qravelly non-loamy and loamy loamy sand gravel soils
sand, occasiona'lly lo«n
Figure l. Locations of the study areas in The Netherlands and
sketch maps of each study plot.
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if we had used a grid, problems would have arisen where paths cross
grid cells.
Variables were divided into three groups: dose variables, effect
variables and condition variables.
4.4.2. Dose variables
For measuring recreation intcnsities we chose a direct method
(counting the visitors themselves) that would enable us to express
the recreation variables on an interval scale, unlike others who
chose an indirect method (deterioration of vegetation; De Roos
1981) or an ordinal scale (Blom 1979).
Two methods were used to obtain estimates of the recreation
intensities of each woodland parcel. The first estimate was made
by measuring the distance of a parcel from the nearest entrance.
This distance was not measured as the crow flies but along the
paths, using a 100 m interval scale. This method is justifiable,
given the well known behaviour of pedestrians using an area: most
people stay near the entrances and only go for a short walk.
Walking deeper into a wood one's chance of meeting another visitor
decreased with distance.
This variable will be referred to as DIST.
The second estimate is based upon field sampling in 1981. The
reason we did not sample in 1980 was that we expected to receive
reliable figures on recreation intensity from The Dorschkamp,
based on a survey of visitors in 1980. However these figures did
not meet the requirements of our sampling desing and we had to
sample recreation intensity in the next season.
Gendebied & Mörzer Bruyns (1970) stated that recreation
intensity on weekends and holidays, the peak intensity, is the
causal factor of disturbance (Gendebien & Mörzer Bruyns 1970).
To test this hypothesis visitors were counted on both Sunday the
5th and Wednesday the 8th of April. A line transect was chosen in
order to have an efficiënt route that followed the maximum possible
number of path segments (part of a path between two crossings)
that could be covered by bicycle in approximately one hour. Each
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observer sampled his transect at regular time intervals of
1.25 hour with fixed starting times in all study plots. The first
transect was started at 9.00 a.m. and the next at: 10.15, 11.30,
13.30, 14.45, 16.00 and 17.15. The observer recorded on a map and
on a list every encounter with (one or several) visitors. Each
localized record on the map was given a number code and an
arrow indicating the direction in which the visitors were
travelling. The number code was written on a list, together with
additional characteristics of each group of visitors. These were:
time of the encounter, type of visitor (pedestrian, cyclist or
unleased dog) and number of persons in the group.
In previous studies (Poppelaars et al. 1982) and in chapter 3
this transect method is described and a formula is developed to
compute the average of visitors per hour that actually frequented
the path segment, by using the accumulated figures on encounters
of several tours as input data. Separate averages were computed
for Wednesday and Sunday, because we have found that the spatial
distribution patterns of weekend visitors differ from those of
weekday visitors. We also found in another study that correlations
in rank of path segments between random samples of one day of
transect counts and averages of several days were high and
reproducible between days of one season, between days of different
seasons and even between years. Thus, one day of sampling in both
recreation-day categories should be sufficient. Furthermore there
were no changes in accessibility or in path layout between 1980
and 1981. Therefore in our opinion, these estimates are also valid
for the recreation intensities in 1980.
In order to obtain an estimate for the parcels using the data
from path segments, two additional computations were made.
First a parcel figure was calculated by averaging the path
segment figures of each segment surrounding a parcel, using the
lengths of the path segments as weighting factors. This is only
possible when the assumption is met that the effect upon bird
density is equal throughout the parcel.
Secondly a total visitor intensity (V-total) was calculated
using the following formula:
total ~ ' dogs + pedestrians + °-5 Vcydists
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The indices 1.5, 1.0 and 0.5 for average number of dogs,
pedestrians and cyclists were generated a priori as an arbitrary
working hypothesis. This hypothesis was based on differences in
the speed of cyclists compared with pedestrians and differences in
the behaviour of unleashed dogs compared with pedestrians (some
with leashed dogs). The V-total intensities based upon Wednesday
figures will be referred to as WEDD and those based upon Sunday
figures as SUND.
4.4.3. Effect variables
Bird counting was started in the bcginning of May 1980 and was
finished in July. Some bird species may have been missed, because
their optimum counting period had already ended and other species
will have been underestimated.
The International Bird Census Committee (1969) recommendations
were followed for counting frequency, notation method and
interpretation method of field observations. A total of 10 visits
was made in each plot plus an additional night count visit. With
use of the IBCC criteria a conservative estimate was made of the
number of territories per plot, using only the undoubted cases. An
optimistic estimate was also made, which included all the doubtful
territories. In each territory a centre was chosen being the
intersection between the longest and shortest axes of the cluster
of field observations. This centre was used to localize each
territory in a certain parcel of woodland. For each parcel we
could then calculate the density per ha per bird species.
4.4.4. Condition variables
We used several parameters of the vegetation structure as con-
dition variables, because vegetation structure has proved to be an
important factor influencing the distribution and densities of
breeding bird species. Moreover, we assumed that differences in
other relevant abiotic factors would correlate with differences in
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vegetation structure. The variables chosen are intended to give an
adequate description of both the quality and quantity of each
vegetation layer.
The four variables used are:
1. forest type.
We determined forest type from the dominant tree species and
divided the parcels into 6 classes:
a. light deciduous (dominant species: Populus spp.; Salix
spp.; Betula pendula; guercus robur; Fraxinus excelsior);
b. dark deciduous (dominant species-. Fagus sylvatica;
Quercus rubra; Acer psaudopJatanus);
c. light coniferous (dominant species: Pinus spp.;
Larix decidua)•
d. dark coniferous (dominant species: Picea spp.);
e. mixed deciduous (no dominant species: species from a.
and b.);
f. mixed (no dominant species: species from a., b., c.,
and d.);
2. tree height.
We classified parcels into 5 classes according to average
tree height:
1-5 m; 6-210 m; 11-15 m; 16-20 m and 21-25 m;
3. development of shrub layer.
The parcels were classified according to whether the shrub
layer was well developed (more than 50% coverage), sparse
(between 10% and 50% coverage) or absent (less than 10%
coverage);
4. transparancy of vegetation.
The transparancy of the vegetation of a parcel at eye height
was estimated according to how far one could see in four
classes: 0-5 m; 6-10 m; 11-20 m and more than 20 m.
The four variables were estimated with the naked eye. Certain
other variables were also recorded, such as isolation of the parcel
and presence of open fields next to the parcel, but we did not use
these variables in the analysis because the laboratory approach
appeared to fail in our analysis and we decided to follow the
randomization approach for further analysis. The four variables
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were marked on raaps using different hatchings for each class and
were coded and introduced into our date base.
In figure 2 two maps of condition variables are shown.
M3 absent
recently ?00
planted ^™ •
ULVENHOUT
A: shrub layer B: transparency
Figure 2. Example of a study area map with a condition variable,
using different hatchings for the different value classes.
4.4.5. Analysis
We used two kinds of analysis. The a priori analysis is based
upon the hypothesis that there is a negative relation between bird
OUTDOOR RECREATION AND
BIRDS: CONFLICT OR SYMBIOSIS?
IMPACTS OF OUTDOOR RECREATION UPON
DENSITY AND BREEDING SUCCESS OF BIRDS IN
DUNE AND FOREST AREAS
IN THE NETHERLANDS
Passend in de gangbare filosofie van het milieubeleid, en onder andere tot
uiting komend in de wetsvoorstellen voor milieu-effect rapportage (mer), ligt
de bewijslast voor het uitblijven van milieuschade bij diegene die een initia-
tief wil realiseren. In dat kader ware het ook beter geweest het bewijs, dat
nachtvissen en een open visseizoen geen schade doen aan het milieu, te laten
leveren door de visverenigingen en deze beleidsmaatregelen mer-plichtig te
verklaren.
XI
Wie de cijfers over de hoeveelheden gebruikte dierlijke mest per hectare in
Nederland beziet, kan met Schroevers* niet anders dan concluderen dat
Nederland de "potstal" van de westelijke wereld is geworden, met de Verenigde
Staten en Zuid-Oost Azië als "heideveld"** en de Sahel als "stuifzand".
Daarbij moet echter de kanttekening worden gemaakt dat het potstalsysteem als
een betrekkelijk efficiënt bewaarsysteem van mest kan worden opgevat, hetgeen
van de huidige situatie in Nederland niet gezegd kan worden.
* Schroevers, P.J., 1984. Het landschap, door de eeuwen heen.
Rijksinstituut voor Natuurbeheer, Leersum
** Amstel, A.R. van & E.E.M. Boers, 1984.
Mengvoeders en de derde wereld. Natuur en Milieu 84/4: 4-8.
XII
Voor zowel de wetenschap, het beleid als het bedrijfsleven is het gewenst als
er een systeem van uitleencontracten wordt ontwikkeld waarbij de universi-
teiten, de verschillende overheidsinstanties en het bedrijfsleven elkaar hun
medewerkers kunnen uitlenen zonder dat dit financiële of rechtspositionele
consequenties heeft.
XIII
Er zullen vast en zeker recreatie-onderzoekers zijn die er pas bij het lezen
van deze stellingen achterkomen dat het engelse woord "recreant" niet recreant
betekent, maar zoiets als "lafhartige stakker", en zich met enige schrik hun
engelse lezingen herinneren. Het is derhalve, gewenst in het vervolg, naar
analogie van de amerikaanse term "vacationer" voor vacantieganger, de term
"recreationer" te gaan hanteren.
XIV
Het literaire genre sience fiction leent zich bij uitstek voor toepassing in
onderwijsprojecten op middelbare scholen om er principes uit de biologie,
chemie, fysica en wiskunde mee te illustreren.
A.N. van der Zande Leiden, september 1984
STELLINGEN
I
Hoewel openluchtrecreatie plaatselijk een ontegenzeglijk negatieve invloed
heeft op de natuur, kan de relatie tussen de maatschappelijke verschijnselen
natuurbehoud en openluchtrecreatie niet anders dan een symbiose* genoemd
worden: een relatie met wederzijds voordeel.
* Budowski, G., 1976. Tourism and environmental conservation: con-
flict, coexistence or symbiosis? Env. Conserv. 3: 27-31.
Het wetenschappelijk denken over de relatie recreatie-natuur heeft toch wel
enige vooruitgang geboekt als we ons realiseren dat nog in 1957 de Contact-
commissie voor Natuur- en Landschapsbescherming* stelt: "In principe moet elk
bezoek aan natuurgebieden schadelijk worden geacht voor flora en fauna. De
mens verstoort immers door zijn aanwezigheid het dierenleven en vertrapt de
vegetatie".
We weten nu dat een bescheiden intensiteit van menselijke aanwezigheid zelfs
kan leiden tot een vergroting van de soortenrijkdom aan planten en dieren en
is veeleer de vraag aan de orde welke recreatie-intensiteiten onder welke
omstandigheden leiden tot afname van soortenrijkdom.
* Contact-commissie voor Natuur- en Landschapsbescherming, 1956. De
zorg voor de recreatie in de vrije natuur als taak van de overheid.
Amsterdam.
III
Smittenberg* stelt dat zowel op "theoretische als praktische gronden vrijwel
ondenkbaar is dat het ecologisch onderzoek ooit zover zal komen dat "voor tal
van exact omschreven ingrepen ook exact aan te geven (is) wat daarvan de
gevolgen zullen zijn voor de natuur". Tevens stelt hij dat van ecologen niet
mag worden verwacht "dat ze kunnen aangeven wat het aandeel is van bijvoor-
beeld de watersport bij een analyse van de oorzaken van een achteruitgang van
de natuur, aangenomen dat die achteruitgang op zichzelf reeds aantoonbaar is".
Een dergelijke stellingname is illustratief voor het geringe zelfrespect van
sommige ecologen en is bovendien een hinderpaal voor het volwassen worden van
de ecologie als een op toepassing gerichte voorspellende wetenschap.
* Smittenberg, J.H., 1981. Ecologische kwetsbaarheid van Friese meren
en oeverzones. Recreatievoorzieningen 13: 165-172.
IV
De enige door vele auteurs genoemde hypothese voor de verstoring van vogels,
dat deze zou worden veroorzaakt door drukte op zogenaamde piekdagen, wordt
door het in dit proefschrift beschreven onderzoek niet bevestigd. Daartegen-
over kan de verklaring worden geopperd dat het noemen van deze hypothese wordt
veroorzaakt door de eigen afkeer van drukke dagen van deze auteurs.
Het optreden van een niet rechtlijnig verband tussen recreatie-intensiteit en
een bepaalde natuurwaarde in een gebied rechtvaardigt op zichzelf niet de
keuze van een draagkrachtnorm in de buurt van het buigpunt in de dosis-effect
grafiek, zoals gesuggereerd door Wall & Wright*.
In het geval van een bekende relatie tussen recreatie-intensiteit en vogel-
dichtheid is een draagkrachtnorm slechts mogelijk en hanteerbaar na twee
arbitraire keuzen. Ten eerste dient antwoord te worden gegeven op de vraag of
men de draagkracht van een heel gebied wenst te baseren op de gevoeligheid van
die vogelsoort en ten tweede de vraag welke schade aan die vogelsoort men
bereid is te accepteren.
* Wall, G. & C. Wright, 1977. The enviromnental impact of outdoor
recreation.
Department of Geography Publication Series no. 11 university of
Waterloo.
VI
De geringe neiging van verstoringsonderzoekers om hun ingreepparameter (dosis)
als eenduidige grootheid te definiëren wordt het beste geïllustreerd door
Mathisen*. Deze onderzoeker combineert in een en dezelfde klasse-indeling niet
alleen de frequentie van aanwezigheid van recreanten met de nabijheid van
wegen en paden tot de nesten (wat verschillende andere auteurs ook doen) doch
voegt daar zelfs het omhakken van bomen op een bepaalde afstand tot het nest
aan toe.
Dergelijke dosisklassen staan, los van de betrouwbaarheid van de onderzoeks-
resultaten, een toepassing van de resultaten elders in de weg.
* Mathisen, J.E., 1968. Effects of human disturbance on nesting of
bald eagles. J. Wildl. Manage. 32: 1-6.
VII
Een aanvechtbare aanname in veel verstoringsonderzoek is dat een af- of
toename van de broedvogeldichtheid in het onderzoeksgebied daarbuiten niet
wordt gecompenseerd en dus gepaard gaat met een minstens even grote af- of
toename van de omvang van de hele populatie in dat gebied. Immers, de vogels
zouden na verstoring wellicht kunnen uitwijken naar minder geprefereerde
habitats in de omgeving. De Roos* verzuimt in zijn dissertatie te verduide-
lijken in hoeverre de af- en toenamen van de dichtheden van de door hem
onderzochte soorten in de experiment gebieden gepaard gingen met af- en
toenamen van deze soorten op het gehele eiland Vlieland.
* Roos, G. Th. de, 1981. The impact of tourism upon some breeding
wader species on the isle of Vlieland in The Netherlands Wadden Sea.
Meded. Landbouwhogeschool, Wageningen; 81-14.
VIII
De risico's van voorlichting en educatie over natuur en landschap in natuur-
terreinen scheppen voor de natuurbescherming een ernstig dilemma. Enerzijds
zal het geven van voorlichting de interesse voor de schaarse natuur vergroten
en er toe leiden dat de natuurterreinen te druk worden bezocht.
Anderzijds kan door het nalaten van voorlichting en educatie op termijn het
maatschappelijk draagvlak voor natuur- en landschapsbescherming verkleinen.
IX
De opvatting dat natuurbehoud in zijn algemeenheid moet worden beschouwd als
"nostalgisme" wordt op suggestieve wijze bevorderd door publicaties als "De
angst voor het nieuwe landschap"*. Daarin wordt landschapsbehoud gereduceerd
tot landschapsverfraaiing en wordt voorbij gegaan aan biolo- gische rijkdom
als landschapskwaliteit, hetgeen ook voor de toekomst zijn betekenis heeft.
* Lörzing, H., 1982. De angst voor het nieuwe landschap. Staats-
uitgeverij . 's-Gravenhage.
Onderwijs Opvoeding & Weienschap
Tijdens het broedaefaoen van l murt
tot 15 juli toegang verboden.' Deze
tekst b vaak te lewn op bordjes in
natuurgebieden, b dat nu nodig?
Bioloog André van der Zonde
prozjeovfirrde op een onderaoek naar
de Invloed van recreatie op vogels,
iet» wat tot nog toe weinig of niet ie
gebeurd. Hij kwam tot een aantal
richtlijnen voor beheerders.
Recreatie en vogels:
conflict of samenspel?
door Mar loon Boeken
VrtJetUd la een begrip dat al even lang
bestaat als de mensheid Open-lucht-
recrcevtie is als begrip veel Jonger. Het
werd in Nederland geïntroduceerd in
de Jaren twintig. De natuurbescher-
ming dateert uit ongeveer dezelfde pe-
riode.
Het Idee dat open-hicntrecreatle de kwaliteit
van de OBMrevln( kon bedreloen. ODMtnnd al vit)
snel na de geboorte van het begrip seU. Maar tot
t Jaren njrug bleven zulke negatieve gevol-
• eaplaatKuJk van aard. Pu torn
Fcraatte ms.itz.lr vormen flznnzm werd •
als een mogelijk of fetteUlk milieuprobleem on-
derkend.
In diezelfde naooriogze periode werden kwaliteit
en omvang van natuurgebieden verminderd
door allerlei menselijke ontwikkelingen, zoals
verstedelijking, wegenbouw, uitbreiding van ds
Industrie Méér recreanten moesten bet doen
meteen krimpend oppervlak, dat bovendien nog
In aantrekkelijkheid afnam. Oebruik van na-
tuurgebieden leidde op sommige plaatszn tot
verbruik Deze problemen werden het eent
zichtbaar In de meest kwetsbar* jzhtsrtnn voor
Nederland de duinen, de moerassen en ptazzsn
en de Waddenzee.
Br ontstonden conflicten ten aansazn van de
toegankelijkheid van deze gebieden voor recre-
anten. .Iedere natuurbeheerder staat •"•"-'M''
voor ezn dilemma.' zzgt bloloog André van der
Zande. „KnenUds wil hij BJn terrein heseher
men min •ehadeluke Invloeden van grote aan-
tallen bezoeken. AndenUds Is bet gewenst dat
zo veel mogeUJk bezoeken van het gebied kennis
kunnen nemen, waardoor een maatschappelijk
draagvlak blijft ***•"- voor natuurbehoud.."
Wat mensen niet kennen, vinden zz ook niet de
moeite waard om te behouden.
Kansen
» Bsbrak aan kennis over de effecten vzn
> op flora en fauna, ontstonden vaak
l dtzclisslr» Meer kennis kan bUdragen
tot een rationele grondslag voor de bestuurlijke
keuzen tiiszrn de belangen van natuurbescher-
ming en recreatie.
In tegenstelling tot de hoeveelheid kennis die
hzsrhlkhazr Is over de Invloeden van recreatie
op ds plantenwereld, l* er maar heel weinig
bekend over de effecten op dieren, bijvoorbeeld
biueuVogels. Ben aantal van deze broed regels
staat ilzzmrtznri bekend als erg gevoelig voor
'
•wfcAzU
•>
.
baar gestoord? In academische termen ..Wat Is
de kwalltatteve en kwantitatieve directe invloed
van wandelnenztie af de dlcntfceld en het
»w» PWeWsTIII IhtllMll r» kooeen?
Naetratlef
Zijn ondsVeeOMwt toonde tuut vvnschlllcnöc mctncH
den en In verschillende situaties aan dat de
m,t.tK-m ,an broed rogels - bet aantal per hec-
tare- naglttef wordt beïnvloed door recreatie.
De grootte van die Invloed Is afhankelijk van het
tvpe landachap In een open gebied, zoali de
duinen. Is d» verstoring al merkbaar bij een veel
lagere intensiteit van recreatie dan In een meer
begroeid, beschut gebied, zoals In bossen
Daar blijkt -setts M] hoge recreatie-Intensi-
teit- d* structuur van de begroeiing en het
beheer van de vegetatie een grotere rol te spelen.
Ken vogai-vrlendelUk vegetatlebeheer kan dus
de nsgslliM gevolgen van de recreatie compen-
PetteUJke kennis van de verstorlngzsfnwten Is
belangrijk, vanwege de betekenis die dsze vogels
hebban binnen hst natuurbsachennlngibssrlrt
DM si de belangrijkste raden dat broedvogels het
onderwerp vormden In hst onderzoek van Van
dn-Zande.
De concrete aanleiding was een vraag van de
beheerders van de waterleldlngdulnen van Am-
sterdam, die waren geconfronteerd meteen rap-
port van de Vogel werkgroep Haarlem. Daarin
werd aanbevolen om bijna eeuderd» van net
gebied af te sluiten voor recreanten.
De imiest voorkomende vorm van recreatie Is
naar verhouding het slechtst onderzocht: uwit-
dXsn. Dat leverde van der Zand» vraagstelling
op: hot beïnvloeden wandalaars bmedfinrte vo-
gels? Zijn er meer of minder? Worden ze merk-
In een dsel van sUn studie heeft Van der Zande
zich geconcentreerd op torenvalken. Deze roof-
vogals komen redelijk algemeen voor en hebben
bovendien bet voordeel dat m liever m - contro-
leerbare- nestkasten broeden dan In van natu-
I nesten (ekster- en kraalennesten)
Daardoor waren ze voor het onderzoek gemak-
kelijk te manipuleren.
Nestlcasten werden op verschillende afstanden
van paden geïnstalleerd en de bloloog bekeek
welke nestrsiten Inderdaad door torenvalken
werden bezet. De vogels bleken minder graag te
broeden In vrij voor publiek toegankelijke gebie-
den. En bovendien werden stroken tot een af-
stand van vijftig meter van een verstoringsbron
U worden gemeden. Ook bleek dat het broedsuc-
ces - het aantal grootgebrachte Jongen - nega-
tief te worden beïnvloed door recreatie. Vooral
In jaren met weinig muizen, dus weinig voedsel
voor de torenvalk. Is dat recreatie-effect heel
sterk
Voorzichtig;
De toren valk Is een vrU algemene vogel. Van der
Zande zegt dan ook „Naar aanleiding van de
bevindingen met de toren valk kunnen we ons de
vraag stellen wat dit betekent voor de minder
voorkomende soorten. De feiten die we hier vln-
den, dwingen on» heel voondchtlg te »Un met die
andere soorten. Deselfde tendens fc er ook W) de
andere onderzochte vogela. met name die In bos-
sen Verstoring blijkt hier op te treden bij een
hoge recreatie-Intensiteit, en wel bU betrekke-
lijk algemene vogelsoorten zoals tortelduif, fltls,
zanglijster en zwartkop."
Dat Juist deze vogels njn onderzocht, en niet de
meer zeldzame, heeft onderzoek-technlsche re-
denen. Zelfs btj een aantal algemene soorten was
al een effect merkbaar, dus dat geeft te denken
voor soorten waarover de natuurbescherming
zich echt zorgen maakt.
Op grond van atjn onderzoek heeft Van der Zan-
de acht aanbevelingen opgesteld voor terreinbe-
heerders. Die dienen als ruggesteun btj discus-
sies over het beheer en de daarop volgende keu-
zen, maar ook als punten om In het achterhoofd
te houden als de beheerden zelf Iets willen on-
derzoeken.
Zonering
Zo dienen ze er rekening mee te houden dat
conclusies uit een eenjarig onderzoek niet alge-
meen geldend zijn Kijk bijvoorbeeld naar de
torenvalk, met «tjn goede en slechte vcedseUa-
ran. Verder U bet niet goed. alleen naar de In-
vloed van de recreatie op de 'plekdagen' te kt)-
ken. Het effect van de door-de weekae recrea
blUkt In een aantal situaties belangrijker te A
Een easentlCle conclusie, en tevens een aanbe*
Ung voor de beheerders. Is dat een bepaal
toename van de recreatie minder kwaad kan
een gebied dat al druk u, dan In een rust
gebied. Dit verschijnsel wat eerder al aane
toond voor de verstoring door autosnelwegen •
vogels, maar Is In dit onderzoek voor het effe
van wandelaars nog een* extra bevestigd.
Het komt er op neer dat het beter Is om druk
lebleden drukker te laten worden en de rustu
gebieden rustig te houden. Zo'n 'lonertngsb
leid' was ook al gewenst vanuit de belangen vs
de recreatie. Er kunnen giufweg twee sooru
recreanten worden onderscheiden - de een zoel
rust en stilte, de ander drukte en gezelllghel
Voor belden moeten tr mogelUkMden iUn. vai
daar dat er zowel drukke als stille gebieden mw
ten bestaan. Van der Zand» onderzoek onde
steunt het belang van dit beleid voer dier «
plant
Gebieden kunnen stil worden gehouden door r
bijvoorbeeld moeilijk toegankelijk te maker
door In minder kwetsbare terreingedeelte<
wandelingen uit te zetten, of door ze niet c
maar tijdelijk toegankelijk voor publiek te nu
ken. Daarmee xUn we weer terug bij die bordje
André van der Zande vindt dat tijdelijke afshii
Ung een betere maatregel kan rijn dan perma
nente Uit onderzoek blijkt namelijk dat er tw<~
pieken zijn In de Intensiteit van recreatie li
natuurgebieden een In het voorjaar en een Ir
het najaar In het voorjaar mogen recreanten n
nu weliswaar niet la maar In de mooie najaan
periode 15 het terrein wel voor bezoeken ge-
opend. Niet» doen. zou betekenen dat belangrij
ke natuurwaarden verloren gaan; lirtnussl af
sluiten gaat onnodig ver.
MP» hpt Vakhlnil mnr hinlr>«
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density and recreation intensity. In the analysis we tried to test
this hypothesis. The statistical parameters used were coefficients
of correlation (Pearson's r and Kendall's tau).
The a posteriori analysis is focused on finding dominant relations
between variables without introducing an a priori hypothesis about
such relations. We used a modified principal component about such
relations. We used a modified principal component analysis (P.C.A.)
and computed coefficients of correlation between the dose variables
and major components. More specific Information about the
statistical tests is provided in combination with the results.
4.5. Results and discussion
The results will be presented in the following sequence.-
recreation, breeding birds, vegetation, a priori analysis and
a posteriori analysis.
4.5.1. Recreation
Table 2 presents the average numbers of pedestrians, unleashed
dogs and cyclists in our study plots for Wednesday and Sunday
separately. For 10 out of the 268 parcels of woodland it was
impossible to calculate the recreation intensity, because the
transect method did not entirely cover the study plots. These
10 plots were excluded from the analyses.
The plot averages are the weighted averages of the calculated
average hour values of each path segment in the plot (using segment
length as weighting factor). It can be seen that pedestrian
intensity varies between 1.2 pedestrians in Dronten S.E. on
Wednesday and 30.9 pedestrians in Oranjewoud on Sunday. This means
a multiplication factor of approximately 25 between the lowest and
highest average pedestrian intensities. We computed Kendall's tau
between the variables DIST, WEDD and SUND for each plot and the
coefficients are shown in table 3.
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It is apparent that SUND does not correlate as well with DIST as
WEDD. This means that the dispersion pattern on Sunday in relation
to entrances was different from that on Wednesday. For the rest it
can be seen that the correlation between SUND and WEDD is rather
low. These figures confirm our assumption that both variables
should be used as separate dose variables for analysis.
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Figure 3 shows a frequency distribution of the parcels in
recreation intensity classes for each plot. The distributions show
strongly overlapping ranges (all recreation intensities can be
found in each plot) so that there is little chance of a study plot
effect using the parcels of different plots as one population in
analysis.
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Figure 3. A frequency distribution of the parcels of wood over six
recreation intensity classes for each study plot, using
the Wednesday recreation estimates.
4.5.2. Breeding birds
The numbers of territories of each species are shown in table 4.
For some species (e.g. Pmnella modularis and Turdus viscivorus)
the numbers will be an underestimate because of our late start in
the season. For each species a conservative and an optimistic
estimate are given. The optimistic estimates were used throughout
the analyses.
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Table 4 Hiniflm» and maximum numbers of territones per species in th* seven study plots;
total mwiber of terntories p*r study plot, densities and number of species
Oranjewoud Dronten N Dronten S
Columb» paJuwbus L
Str«ptop«Jia turtur (L )
Str»ptop«Jj« dmctocto (Frivaldaky )
Dandrocopus major (L )
Trogloth/t»a troglodytms (L >
Prttnm 1» modulen* (L )
rurdu viacivorus L
Turdu phi lomvlos Biehw
Turdu oMmlm L
Sylvi itnctpill* (L )
Sylvi bonn (Boddaert)
Sylvi communis Latham
PhyHoscopus collybitt (Vx*illot)
Phylloacopus aibilttnx (Bechstein)
Regulus reyuJus (L. }
Ficedul* hypoleuc* (Pallas)
Parus major (L )
Parus »t«r L
P*nia cnatmtu» L
Sitt» »urop«» L
Ctrdumlia ctil rim (L )
Fringill* co* «os L
Sturnus vuig» ia L
Onoliu onol s (L-)
Total numb^r
Area
Denaity per ha
Max -Min /Min x 100%
Nimber of species
4-
0-
1-
1-
7-
17-
3-
6-
26-
18-
0-
1-
s-
1-
5-
1
1
2
•
4
43
1
2
8
1
5
172-240
40/7
39 5\
17-19
7-
3-
1-
20-
16-
0-
1-
5-
11-
0-
2-
10-
88-
10
14 17- 20
10 7- 8
1
0- 3
22 23- 26
22 18- 24
1
1 1- 1
5 15- 16
B- 9
13 24- 25
1
3
118 160-189
6 27 5
34 l\ 18 l\
13-15 12-13
E 't Harde
8-
2-
0-
0-
7-
2fl-
10-
5-
16-
1-
8-
8-
1-
0-
1-
148-
32 7
l
l
•
3
5
1
1
27 0\
18-21
Zeist
6- 8
26- 41
3- 3
1- 1
1- 1
4- 5
9- 27
1- 3
1- 1
3- 3
91-154
76 6
69 2%
16-16
Door we r th
15- 19
9- 12
1- 2
8-11
40- 51
7- 9
2- 3
0- 1
12- 13
0- 1
3- 3
14- 23
1- 3
1- 1
4- 4
145-203
20.9
40 0%
19-21
Dl venhout Total
19-
3-
0-
3-
a-
17-
10-
8-
32-
1-
0-
12-
8-
1-
1
7
i
3
i
•
.
2
•
9
2
192-267
S4.9
39 1\
17-19
76- 107
22- 37
12- 26
3- 7
13- 16
1- 2
84- 92
1- J
0- 1
73- 95
162- 238
6- 8
2- 2
54- 62
49- 56
0- 1
113- 127
1- 6
6- 11
12- 15
51- 84
14- 18
2-
1-
1-
2-
13- 1
1- 2
996-1359
263 9
36 4%
29-31
4.5.3. Vegctation
The results of the estimates of the vegetation parameters are
summarized in table 5. Data on forest type, tree height,
transparancy and shrub layer are given, expressed as a percentage
of the plots, occupied by a certain variable class. The results in
this table clearly demonstrate that it is not possible to consider
each plot as a a sample from a homogeneous population. Therefore we
decided to choose the parcel as the unit for analysis.
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Tftble
and development of shrub lay*r
Oranjewoud Dronten N Dronten S E 't Harde Zeist Doorwerth Ulvenhout
Por** t typ*
dark deciduoum
light coniferoum 1
dark c
mixed icciduouB
Tr«* h*lght
5-10
11-15
16-20
21-25
Tramp
< 5
5-10
11-20
>20
rancy
6
3
19 1
28 1
Shrub laycr
w* 11 dcvelopcd 31 1
«b««nt 6
) 6
. S
2
j
7
68
28
43
46
01
31
29
41 2
48 2
2 24
25 2 0 29
95 12 6 72 2
8 5 0 0
1
1
1
44 1
63
61
18
36 1
49
14 89 2
17 32 54 37 44 1 2 22
0 1 0 24 4 4 41 1
O 7 4 0 0 0 O
4 34 40 26 «4 9 9 43
10 01 O O S 6 96 1
9 34 16 2O 29 1 2 22 1
0 0 0 0 0
2 62 9 3 44 5 4 63
12 39 13 B 71 0 0 1
4 57 24 23 83 2 6 27 2
4 82 21 15.30 10 8 12 1
6
6
S
1
13
20
9
3
a
23
12
-
2
b
14 71 13 S 74 2 2 99 21 23 93
A total population of 268 parcels with an average area of
0.99 ha was distributed over a four-dimensional variable matrix of
360 matrix cells (6 forest types x 5 height classes x 3 shrub
types x 4 transparancy classes = 360 possible combinations). The
matrix cell with most parcels in it (light deciduous, 16-20 m
high, 5-20 m transparancy and sparse shrub layer) only contained
25 parcels of which 10 were smaller than 0.4 ha. This means that
it is rather uncertain whether the laboratory approach will be
successful using the parcel of woodland as a unit for analysis.
However, we started with our a priori analysis, using this
approach.
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4.5.4. A priori analysis
It can be seen in table l that in all plots the newest houses
are at least 5 years old and often much older. Also we know that
no substantial changes in accessibility and path layout have taken
place since. In Oranjewoud only, sotne minor changes have occurred
in the 10 years that the wood has been accessible to the public,
such as the placing of a few picnic benches.
This indicates that recreation itself has been in a "steady
state" for at least 5 years (apart from fluctuations introduced by
f-i. weather influences).
Secondly the group of species that are short lived and also are
not known for their high degree of "Ortstreue". The turnover rate
of the resident bird species will also be high (over only one or
two seasons 100% turnover). This means that the population territory
owners we studied were probably all less than 5 years old. So the
pattern of spatial distribution of breeding birds will be a good
estimate of disturbance.
We began by drawing graphs of bird density against recreation
intensity for all species and using all 258 parcels. In order to
meet the demand of equivalency among samples typical for the
laboratory approach we made stepwise selections dividing the total
sample of 258 into subsamples.
First we made separate graphs for deciduous and coniferous (both
light and dark) parcels. Subsequently we divided the deciduous
subsample in two, separating all light deciduous parcels (regard-
less of tree height, transparancy and shrub layer) from all dark
deciduous parcels (ditto).
The next step was to separate subsamples of different tree
height and so on. We started with forest type because it is
generally known that coniferous and deciduous woods have rather
different bird populations (different species and densities).
Figure 4 shows an example of some selection steps for
Turdus philomelos.
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The overall picture of the graphs is that all values occupy a
space that is confined by a line running from a point on the
positive ordinate to a point on the positive abscissa.
This might indicate that recreation operates as a factor limiting
or depressing the maximum density of the species. We expected that
by each selection step the graph would improve by falling off of
points far below the line. We also made another kind of selection;
the exclusion of all parcels smaller than 0.40 ha. This step is
based upon the well-known phenomenon of minimum area needed for
one territory. Parcels with an area of approximately the minimum
area will also give much scatter because bird numbers
(territories) are integers and area is a continuous quantity.
It is apparent from figure 4 that only the selections based upon
light deciduous parcels and based on the minimum area of 0.4 ha
show some improvement. All other selections, however, using
different conditions variables (tree height, transparency and
shrub layer) yielded no further improvement. At this point we
decided that further analysis using the laboratory approach was
pointless. The "scatter" below the maximum density line should
decrease as a result of further selection steps but in fact it
remained the same of even increased, probably because the sample
size in the subsamples diminished too rapidly.
Another explanation can be that unknown variables produce this
scatter. We decided to use only the selection of deciduous and
coniferous parcels and proceeded with the analysis on the basis of
the randomization approach. To solve the problem of sample size,
the parcels were amalgamated in what was called aggregates.
Starting with the parcels which had zero recreation intensity,
parcels of consecutive recreation intensity were added untill a
total area of approximately 10 ha was reached. The recreation
intensity of a 10 ha aggregate was calculated by averaging the
recreation intensities of the parcels in the aggregate, using the
area of each parcel as a weighting factor. Bird densities were
simply calculated by adding up the numbers of bird territories and
dividing the sum by the aggregate area. Graphs can be drawn
plotting density against recreation intensity of the aggregates.
_
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Figure 4. Graphs in which the density of Turdus philomelos is
plotted against recreation intensity estimates (WEDD)
of the parcels of wood, using different selections of
parcels.
1 - no selection
2 - selection on light deciduous parcels
3 - selection as in 2 + parcels larger than 0.40 ha
4 - selection as in 3 + tree height more than 5 m
5 - selection as in 4 + transparency between 5 and 20 ra
6 - selection as in 5 + shrub layer well developed
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The graphs contain values of a relatively small sample of aggregates
(mostly 6, 7 or 8), but each value is based upon a relatively large
sample of territories.
Finally, a variable transformation was done: the logarithm of
the recreation intensities was calculated and the graphs were
plotted on a semi-log scale. This was done because in previous
studies (Van der Zande et al. 1980) it was found that the relation
between recreation intensity and the density of some dune bird
species becomes linear when the logarithm of recreation intensity
is used.
The graphs in figure 5 use aggregates for 13 of the 31 species
in deciduous parcels and with WEDD as dose variable. These species
were selected on the basis of their total number of territories:
at least a total maximum of 20 territories.
Fortunately it appeared that the territories were not clustered
in only one or two aggregates but were divided over the full range
of 6, 7 or 8 aggregates.
The graphs in figure 5 show a surprising improvement compared
with the graphs in figure 4. For most species the values lie on a
straight line and justify the calculation of a regression line and
a coëfficiënt of correlation.
Table 6 shows the Kendall's tau and the Pearson's r between bird
density and WEDD for the 13 species. Values are given both before
and after the logarithmic transformation and for deciduous parcels
and coniferous parcels separately. Table 7 shows the same figures
using SUND as the dose variable.
Tables 6 and 7 also show an interesting difference. The
coefficients of correlation are in general more negative when WEDD
is used compared with SUND. This might indicate that when the
negative relation is caused by a recreation effect, WEDD is a
better dose estimate than SUND.
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Figure 5. Bird density plotted against recreation intensity for
13 species and using aggregates of parcels of wood of
10 ha and the logarithm of the Wednesday recreation
intensity estimates (WEDD) of each aggregate (deciduous
parcels of wood only).
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Coefficients of correlation between recreation intensities based on wednesday counts and bird densities
of 13 species in 10 ha aggregates of woodland
Deciduous Coniferous
Nt r*end W W<log) "t rkend rpear W<log)
Columb* ptlumbus 60 -0 50* -0 46 -0 66
Str»ptop»Ii« turtur 22 -0 55* -0 60 -0 72*
Str«ptop«lia d«c*octo 5 0.3 0 86** 0.71*
Troglodytoa troglodytma 59 -0.2 -0 07 0 02
Turehis pfiilommlos 60 -0 . 5 * -0 59 -0 71*
rurcfc* m*rul* 110 0.0 -0 3O 0 05
Snt-hmcua rub+cul* 58 0 0 0 31 0 39
Sylvi* bonn
Phyllomcopus
Phyllomcopus
Pmrvm major
Ffingill» co
36 -0 64* -0 78* -0 96**
collybitm 70 -0.50* -0 49 -0 56
29 0.79 0 81** 0 91**
l»bs 53 -0.14 -0 12 -0 25
2 -0 28 -0 25 -0 31
4 -0.09 -0 35 -0 37
8 0 14 -0 04 0 22
8 -0 50* -0 92** -0 81**
1 -0 39 -0 65* -0 87**
8 0 O6 0 02 0 15
3 -0.22 -0 56 -0-31
S -0.32 -0 36 -0 73*
0 -0 22 -0 76** -0 77**
5 -0 06 -0 23 0.07
7 -0 11 -0 21 -0 34
MuBber o f aggregates 8 8 7 9 9 8
"t
rfcend
W
w(log) •
nuaber of terntories in the sample * = p<0 05
Kendall's tau **= p<0 01
Pearson's r
g* y
Coefficients of correlation between recreation intensities based on Sunday counts and bird densities
of 13 species in 10 ha aggregates of woodland
Deciduous
Columbti ptlumbtss
Str«ptop«Jia turtur
Strmptopelia d»c*octo
Troglcxtytas troglodt/tea
Turdua philomelos
Turdus merul*
Enthmcus rubecul*
Sylvi» borin
Phyl loacopus trochi lus
Phylloscopus collgbit»
Parus major
Fringi 1 Ja co«J«/>s
Number of aggregates
Nt = number of
rkend = Kendall's
roear = Pearson's
r ar(log) = Pearson s
Nt
60
22
5
59
60
110
58
36
56
70
29
53
terntories
tau
r
rk«nd rpear ''pt.r'10'1
-0 79*
-0.21
0 53*
-0.07
-0 14
0 07
-0 07
-0 21
0 14
-0 29
0 25
0 25
a
in the
r after logarithnic
-0
-0
0
-0
-0
0
-0
-0
0
-0
0
0
8
sample
60
3e
25
10
18
53
08
39
08
48
16
59
transformation
0
0
0
0
0
-0
0
0
7
76*
08
39
18
25
39
39
05
18
20
01
58
p<0.05
p<0 01
recreation
Coniferous
"t
42
14
18
28
31
98
43
15
24
40
35
47
rkend
0 21
0 11
-0 29
-0.07
0.50*
0 21
0 07
0 71**
0 36
0 36
0 07
0 28
9
w
0 55
0 37
-0 50
-0 34
0 70*
0.65*
0 01
0 84
0 28
0.37
0 02
0 39
9
.
0
0
0
0
0
0
.r(l°9>
70*
41
29
35
67*
58
54
82*
IS
16
53
51
intensity
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The slopes of the regression lines in figure 5 cannot be compared
directly because the crossings of regression line and ordinate have
different values for the different species. Both the graphs in
figure 6 show 8 lines all starting at 100% on the ordinate, The
thus transformed graphs give an indication of the susceptibility of
the species for recreation. The rank of the species is only slightly
different in deciduous parcels compared with coniferous parcels.
Moreover the slope of the lines for Fringilla coelebs, Erythacus
rubecula and Columba palimbus is steeper in deciduous than in
coniferous parcels, probably indicating a stronger recreation effect
in deciduous parcels. The reason for this effect might be that the
a deciduous parcels
b coniferous parcels
1 Fringilla co*t*b*
2 Sylvia alncapilla
3 Columba pa l urn bus
4 Phylloscopus coltybita
5 Turdus phdomelos
6 Phylloscopus trochilus
7 Sylvia bonn
8 Straptopelia (urlur
1 Fringilla coelebs
2 Enthacus rubftcula
3 Columba palumbus
4 Troglodyles troglodytes
5 Phylloscopus cotlybita
6 Streptopeha turtur
7 Turdus philomeios
8 Phylloscopus trochilus
9 Sylvia bortn
Figure 6. Bird density plotted against recreation intensity by
assigning a value of 100% to the intersection between
the regression line and the positive ordinate and
transforming the other values correspondingly: a =
deciduous parcels, b = coniferous parcels. In both
graphs log WEDD is used as an estimate of recreation
intensity.
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visibility in the coniferous tree tops is low, because of much cover.
Columba palumbus and Fringilla coelebs nest in tree tops and
Erythacus rubecula will tend to nest in tree tops because the
coniferous parcels have a poorly developed shrub layer.
Some species show significant positive correlations between
density and recreation intensity: Columba palumbus, Turdus
philomelos, Turdus meruia, Streptopelia decaocto, Sylvia bot-in and
Parus major. These species only show a significant positive
coëfficiënt of correlation in coniferous parcels and when SUND is
used, except for Parus major.
Parus major shows a positive correlation because the location of
most territories is determined by the presence of a nest-box and
the number of nest-boxes is significantly correlated with recreation
intensity. This will probably be because the boxes are usually hung
near houses.
For Turdus philomelos, Turdus meruia and Sylvia borin we should
have to conclude that the Sunday recreation intensity has a positive
effect upon densities in coniferous parcels. However, re-examination
revealed that the coniferous parcels in Zeist contain no territories
of the 3 species mentioned at all (see also table 4; all territories
of Turdus meruia were found in deciduous parcels). For this reason
we excluded the Zeist parcels from the sample. Furthermore we
found that the proportion of coniferous Zeist parcels is very high
in the low recreation intensity range. In other words the more or
less homogeneous distributions of parcels of different plots over
the recreation intensity scale, as was shown in figure 3 for WEDD
does not hold good for the coniferous parcels when SUND is used.
The strong positive correlation coefficients of the three species
with SUND completely disappear when the Zeist parcels are excluded
from the samples. Such bias was not found for the deciduous parcels
regardless of the dose variables used. Exclusion of the Zeist
parcels does not eliminate the negative correlations as were found
for the other species in deciduous and coniferous parcels (nor for
WEDD either).
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4.5.5. A posteriori analysis
In the a posteriori approach one studies the structure of the
data without a previously formulated hypothesis about the identity
of the underlying factors. In this case Principal Component
Analysis (pca) was used.
The basis of the analysis is formed by the following equation:
k=l
aik ' xkjy (1)
Where D.. = density of species i in sample j;
n = the number of factors involved;
a., = susceptibility of species i to factor k;
x, . = the value of factor k in sample j.
Thus, according to this model, the density of a species i in
sample j (D..) is seen as a weighted sum of a number of factors.
This equation incorporates several assumptions, of which the
following are relevant in our study.
1. Additivity
The value of a variable (e.g. density) is supposed to be a
weighted sum of a number of factors. In this study we deal with
ecological factors, which are generally supposed to act in a
multiplicative way rather than in an additive way. For this reason
a logarithmic transformation was made of the bird densities.
2. Linearity
Equation (1) is of a simple linear form. In this study however,
this assumption seems to be wrong. Most of the ecological relations
show an optimum curve, but in this study we deal with a limiting
factor caused by the territoriality of the birds, which makes the
relations even more complicated.
We used the pca to compare the results with those achieved from
the a priori analysis and also to ascertain the importance of the
influence of recreation by comparison with other density-
determining factors.
The following changes were made in the original data base:
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a. all parcels smaller than 0.40 ha were excluded, for reasons
pointed out earlier,-
b. only 13 of the 31 bird species were used. These 13 species
are the same as those used in the a priori aggregates. The
rest occurred in too low numbers and logarithmic transfor-
mation would have generated an enormous scatter.
After this procedure a data base of 168 parcels of wood remained,
in which the densities of 13 species were known.
After the pca program had been run, two matrices resulted:
the parcel matrix (R solution 168 x 10) and the bird species
matrix (Q solution: 13 x 10). It appeared to be necessary to use
10 components before 90% of the total variance was explained.
Table 8. Explained variance by the first ten components of the principal
component analysis and correlation coefficients with the Sunday
and Wednesday recreation intensity estimates.
Component
1
2
3
4
5
6
7
8
9
10
Percentage
explained
variance
27.3
12.5
11.8
8.4
7.1
6.7
6.1
5.2
4.8
3.6
Cumulative
explained
variance
27.3
39.8
51.6
60.0
67.1
73.8
79.9
85.1
89.9
93.5
Rank !
correlation
with WEDD.
-0.101*
0.145**
-0.016
-0.066
0.037
0.009
0.003
-0.003
0.006
-0.087
Rank
correlation1
with SUND.
0.002
-0.021
0.123*
-0.119*
-0.081
0.071
-0.004
0.046
-0.076
0.036
1 Kendall's tau * = p<0.05 p<0.01
Table 8 shows the explained variance per component and the
cumulative explained variance. Because we were especially
interested in the recreation effect, the Kendall's rank
correlation coëfficiënt between the components and the dose
variables SUND and WEDD was calculated. As shown in table 8, there
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is a significant rank correlation between SUND and the components
3 and 4, and between WEDD and the components l and 2. In figure 7
the R-solution for the first two components is drawn. In the
diagram one can see negatively responding species are brought
together, and positively responding or non-responding are set
apart.
The interpretation problem that now arises is that the dose
variables do not correlate with one component but with two of
them. Kooijman & Meelis (1975) pointed out that optimum-curve
relations produce a parabolical diagram in the pca solutions,
caused by the fact that both components represent the same
ecological factor in such a way that one component is the square
root of the other. To investigate this possibility we did a a
polynomial regression of the first five components. All paraboles
gave a very low multiple-regression coëfficiënt (the highest were
between 0.20 and 0.30) and did not correlate with WEDD or SUND.
We also tried to find out whether there is a linear combination
of the two significant correlating components that shows a higher
correlation with the dose variables than the correlation
coefficients of the original components. This approach failed due
to the assumptions, that there is a linear relation between the
independent variables and that the deviation from the mean is
normally distributod, which are made in a multiple regression
analysis.
Although we were not able to compare the proportion of variance
explained by recreation with the proportion of variance explained
by other variables, the results indicate that WEDD is a better
estimate to explain the structure found in the bird population
than SUND.
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Figure 7. The R-solution of the Principal Component Analysis for
the first two components. These first two components
respectively explain 27,3% and 12,5% of the total
variance. It can be seen that negatively responding
species are placed in the fourth quadrant, non
responding species are placed in the first quadrant,
and positively responding species in the second
quadrant.
4.6. Conclusions
The following conclusions can be drawn from the results.
1. Recreation intensity, as measured and calculated for parcels
of woodland in this study, shows significant negative
correlations with the densities of 8 of the 13 bird species
studied in detail.
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2. These negative correlations can be regarded as an indication
of an effect of recreation upon bird densities.
3. The recreation effect is different in intensity for the
8 bird species. The sequence in the susceptibility of the
species differs slightly according to whether samples of
deciduous or coniferous parcels of woodland are used.
4. For Fringilla coelebs, Erythacus rubecula and Columba
palumbus the recreation effect is more intense in deciduous
parcels than in coniferous parcels.
5. The relation between recreation intensity and bird density
becomes linear when the logarithm of recreation intensity is
used as independent variable.
6. The recreation effect is determined by the weekday recreation
intensity rather than by the weekend recreation intensity.
4.7. Significance for planning and conservation
The main implication of our results and conclusions for planning
and conservation is that, even in areas with a very high intensity
of recreational use and with only conunon bird species these
differences in use are still of significant importance.
Differences in recreation intensity some hundreds of metres from
entrances to woods affect the densities and presence of very common
species such as Phylloscopus trochilus, Columba palumbus,
Streptopelia decaocto, Sylvia borin and Turdus philomelos.
Van der Zande, Ter Keurs and Van der Weyden (1980) have shown
that the relation between traffic intensity and bird densities is
such that the same absolute increase in traffic intensity has a
larger disturbance effect where traffic intensity is low than where
traffic intensity is high. This means that it is better to allow
the intensity of already busy areas to increase, rather than allow
visitor intensity to spread evenly.
The graphs in figures 5 and 6 can be used to estimate a maximum
recreation intensity above which a certain species will probably
disappear. In toxicology the LD50 is an often used (though
criticized) parameter, meaning the lethal dose of a toxicant above
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which 50% of a test population will have died. As an analogy we
have called the recreation intensity where 50% density depression
is reached in our graphs the "LD50 recreation intensity". This 50%
level is convenient because it is in the most reliable stretch of
the graphs. On a map of Ulvenhout (figure 8) we have hatched those
parcels in which the LD50 dose for Sylvia borin (one of the most
susceptible species) is exceeded. Note the small "islands" of
parcels subjected to a lower dose than LD50. Figure 8 also shows
the same map for less susceptible species. Such maps can be useful
for planning and managing wooded areas. A certain species can be
chosen as a Standard and the acceptable loss of such a species can
be defined. Subsequently the maps provide information about the
sites where measures should be taken. However, much more research
has to be done before a LD50 Standard (or rather a better one)
can be used as easily in recreation planning and management as in
toxicology.
For the application of the results, our recreation intensities
must be translatable into other, often used, recreation intensity
parameters, such as the maximum total of visitors present per ha
per Standard day. Such a figure can only be calculated by comparison
with other areas whose transect count figures and maximum total
number of visitor counts are also known. Table 2 shows some figures
based on visitor counts in Roggebotzand, an area in Oostelijk
Flevoland (Poppelaars & Zegwaard, 1980). These figures give no
information about the spatial distribution of visitors, which is
essential for the interpretation of spatial differences in bird
densities. Therefore a better way to apply our results is to perform
visitor transect counts in the way we have described and to préparé
the same recreation intensity figures.
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ULVENHOUT
LD50; WEDDS6
ULVENHOUT
LD50;WEDD S 17
Figure 8. Haps of UIvenhout showing the LD50 parcels, i.e. those
with a recreation intensity above which 50% of the
maximum density (intersection between regression line
and positive ordinate) will have disappeared. Map A:
two very susceptible bird species (Sylvia borin in
deciduous parcels and Streptopelia turtur in coniferous
parcels). Map B: two moderate susceptible species (Ph.
collybita in deciduous parcels and Columba palumbus in
coniferous parcels).
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CHAPTER 5
IMPACT OF A SEMI-EXPERIMENTAL INCREASE IN RECREATION INTENSITY ON
THE DENSITIES OF BIRDS IN GROVES AND HEDGES ON A LAKE SHORE*
Summary
The possibility of disturbance of birds by outdoor recreation
is often mentioned, but it has rarely been studied. This article
presents the results of a disturbance field experiment. It lasted
3 breeding seasons and was conducted along a 4.5 km long lake shore
with hedges and groves. Parts of this area have probably undergone
an increase in visitor numbers since 1979 as a result of the
construction and opening of a car park nearby. The recreation
intensity in other parts further away from the car park has
probably not increased.
During the breeding seasons in 1977 and 1978 (before the car
park was opened) and in the breeding season in 1980 (after the
car park was opened) the visitor and the breeding birds were
counted. All but one of the 12 (most abundant) species,
Phylloscopus trochilus, showed a negative difference between
experimental units and control units, indicating a disturbance
effect. However, no significance was reached for each of these
separate bird species analysed:
Columba palumbus, Troglodytes troglodytes, Prunella modularis,
Turdus philomelos, Turdus meruia, Hippolais icterina, Sylvia
atricapilla, Sylvia borin, Sylvia communis, Sylvia curruca,
Phylloscopus trochilis, Phylloscopus collybita.
The number of 11 negative differences out of 12, on the
contrary, is highly significant using a sign test (p= 0.003).
This chapter has been accepted for publication in Biological
Conservation, with P. Vos as co-author. This summary is given
here because the results are used in chapter 8 in the general
discussion.
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Interpreting the results as a recreation effect is also
supported by the fact that species show negative correlations
between recreation intensity and density in 1980 (p= 0.0033; sign
test). These correlations were significant for Hippolais icterina
and Sylvia borin.
Such correlations were not found for 1977 and 1978.
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CHAPTER 6
IMPACTS OF OUTDOOR RECREATION UPON NEST-SITE CHOICE AND BREEDING
SUCCESS OF THE KESTREL FALCO TINNUNCULUS IN 1975-1980 IN THE
NETHERLANDS*
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6.1. Abstract
In 1980 a mail questionnaire was designed to investigate the
impacts of outdoor recreation upon the density and breeding
success of the Kestrel, Falco tinnunculus L., breeding in nest-
boxes. The returned questionnaires yielded data about 160 nest-
boxes in The Netherlands over the period 1975-1980. The nest-
boxes could be classified according to distance from human
activities, accessibility, and visibility. Nest-site choice and
breeding success parameters were analysed in the various recreation
intensity classes: this analysis took into account the effects of
other variables such as the characteristics of the nest-boxes and
the characteristics of the nest-box area. Significant differences
were found between different years, apparantly closely related to
vole abundance. In vole non-peak years especially, significant
differences were found in nest-site choice and breeding success
between areas with and without access to humans. The distance from
sources of disturbance (roads) also had significant effects in
connection with differences in food abundance. An analysis of
variance showed that dose parameters only explained 0.6-8.8% of
the variance in the effect parameters.
Finaly, possible mechanisms explaining the impact of recreation
upon nest-site choice and breeding success are discussed.
6.2. Introduction
As a result of increasing welfare after the Second World War
outdoor recreation has become an important feature in modern
society. Many recreation activities were driven more and more to
places outside the cities and industrialized areas as a result of
a decreasing amenity value of these areas. Since all kinds of
financial restrictions gradually disappeared in that period,
individual mobility increased and also the interest in nature and
environment developed rapidly. This proces took place in a period
in which nature became a scarce commodity.
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The friction between these two developments has only but quite
recently attracted the attention of ecologists (Wall 1977). They
noticed that certain animal and plant species vanished from
frequently visited areas. Furthermore differences between
ecosystems tend to disappear as a consequence of dominance of
trampling-resistent species (Van der Werf 1972).
Watson et a-Z. (1970) introduced two categories of recreation
impacts upon fauna. The first is the category of impacts caused by
the loss or alteration of habitats (e.g. marsh birds will disappear
when marshes are drained for tourism development). Second is the
category of impacts caused by the mere presence of tourists in an
environment, so called disturbance.
In many disturbance studies raptors are chosen as research
objects, such as: Haliaeetus leucocephalus (Mathisen 1963), Falco
peregrinus (Ratcliffe 1962), Falco tinnunculus (Versluis &
Verhoeven 1978), Buteo buteo (Waardenburg 1976), Accipiter
gentilis (Waardenburg 1977) and Buteo jamaicensis and Buteo
pineatus (Wiley 1975). Significant negative impacts and also non-
significant impact relations have been found between recreation
intensity and bird density or breeding success. Several hypotheses
have been put forward to explain these disparities:
a. the time in the season in which the species settles and breeds
compared with the time that recreation intensities reach a
maximum level (Mathisen 1968);
b. the kind of behavioural response of a species to human
presence during the breeding cycle (Olsen & Olsen 1980);
c. the possible enhanced chance of predation of the eggs or
nestlings (Waardenburg 1976, 1977).
A serious omission in several studies mentioned is that the
effect of possible influencing factors which were not measured is
not taken into account.
Because the existence and importance of disturbance is still
often questioned (e.g. Newton 1979) it is essential to study
disturbance to establish doze and,effect relationships. In 1978,
1979 and 1980 we examined the influence of recreation upon the
Kestrel, Falco tinnunculus (Van der Zande & Ter Keurs 1981) using
- 133 -
150 nest-boxes. Though we choose this species because of its
abundance, the sample of occupied nest-boxes was too small to draw
reliable conclusions.
However, the results provided some indications that the Kestrel
avoided nest-boxes within 30 m from footpaths. The only other
indication we had of possible susceptibility to disturbance was
the research done by Versluis & Verhoeven (1978). They found that
the Kestrel preferred nesting place more than 10O m from urban
settlements, which may be interpreted as a disturbance effect.
Our present study was intended to provide more definitive answers
to the following two questions:
a. does recreation intensity have a significant impact upon the
nest-site choice and the breeding success of the Kestrel?
b. over what distance does such an effect operate?
A mail questionnaire was designed to obtain data about the
occupation and breeding success in nest-boxes by Kestrels in the
years 1975-1980 in several areas in The Netherlands.
6.3. The mail questionnaire
The mail questionnaire contained questions about three groups of
variables. These variables are summarized in table l and are
discussed below.
The first three variables are estimates of recreation intensity.
Accessibility was used as estimator in order to be able to determine
whether the mere presence of people in the area where the box is
placed influences the nest-site choice and breeding success. Since
not only the mere presence of people may be important, details were
also asked about the distance of the nest-box from the nearest
disturbance source and about the visibility of the nest-box.
The second group of 6 variables was chosen as indicators of
nest-site choice and breeding success: effect variables. The
percentage of nest-boxes occupied (in a dose parameter class) was
primarily chosen to measure nest-site choice. The percentage with
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Table l Mame descnption and detail» or definition of the variables in the *ail questionnair
3
|
1
•
DOSE VARIABLES
Distance
Vislbillty
EFFECT VARIABLES
Percentage
Percentage
Average clutch-
S1ZC
of nestlingi
Perc*nt»gc
Average br reding
•e
Detcnption
box ii «ituated
the di«t«nc* between the n*-* t -box «nd the nearest
disturbance «ource/road
«tl* t h* r th* nest-box c«n t» »*n froni
«r«* r p
D**cription
the fract ion of the total nunber of nest-boxes
which contained • clutch
which contained nestlings
the nuatoer of eggs per clutch
hatchcd
the number of nettling* per clutch
Deicription
Categorie«/claite»
1 = liHiited acceis
2 - frec access
1 - 0- 25 •
2 - 26- 50 m
3 ~ 51- 100 m
4 - 1O1- 25O m
S - 251-2 OOO ui
0 - not vimible
Definition
nunber of boxei wi th a clutch
nujuber of boxes vith nestlings x
total nunber of eggs
total niwfcer of c lutches
total nunber af boxfs wi th nrst Unqi
l"1 nuwber of nestlings
>1 clutch «ize
n- nemt-box with a clutch
Categoriei
100\
100\
X 100\
POSSIBLE INFLUENCING PARAMETERS
Nest-box type the type of nest-box which was used O = "open" (part of the front of thr
nest-box ha* been removed
«long the total length)
l - "clo»ed" (part of the front of the
nest-box has been removed
for only a part of the
total lenqth)
Pastening type the way the nest-box was fastened O * on a pole
l - in a tree
Height of the the est imated height of the nest-box above the l - 3-4 m
nest-box ground 2 * 5-6 M
3 « 7-8 •
4 « Ï9 •
situatcd 2 - along a forett edge
3 « in a «aall woodlot or tree lane
4 • in a wood
The Mail questionnaire was designed to obtain data from «11 nest-boxes owned by the respondent thus also
fonly sent data on those nest-boxes that were occupied at least once during this period As a consequence
neat-boxes occupied ranged frow 16 7\ to 60 0\ (mean for the three areas over 1978. 1979 and 19BO 27 9V
19SO 22 81)
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nestlings, average clutch size, average number of nestlings,
percentage failures and average breeding success are five different
estimates of breeding success. This group is also called effect
parameters (and sometimes dependent variables).
The third group of 4 variables was chosen as estimates of all
other factors that might influence the nest-site choice and
breeding success of the Kestrel; factors that most probably differ
between the several areas with nest-boxes. This group is called
"possible influencing parameters" to indicate that they might
influence the dose-effect relations. It falls into two categories
of parameters. One is concerned with the nest-box itself and
includes nest-box type, height of the nest-box and fastening type.
The other group deals with the environment of the nest-box and
includes habitat type.
Table l not only shows these parameters but also shows how each
parameter is specified. The respondents were asked to specify each
variable for each nest-box in the period 1975-1980. In addition to
the variables, some general questions were asked concerning the
intensity of nest-box checks, the owner and manager of the nest-
box area and the exact location of the nest-box area.
In all, 94 questionnaires were mailed to bird societies that had
been selected on the basis of a yearly report of the Koninklijke
Nederlands Natuurhistorische Vereniging (Koninklijke Nederlandse
Natuurhistorische Vereniging 1976). On the deadline date (January
l , 1981) 27 questionnaires (28.7%) were returned with useful
information about 160 nest-boxes in The Netherlands.
6.4. Results
In figure l the geographical location of the next box areas from
which we received usable information is shown, as well as the
percentages of the total number of nest-boxes per area. Almost all
data are from the central areas of The Netherlands.
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Figure l. Location of the nest-box areas from which data were
obtained by the mail questionnaire. The bar graphs show
the percentages of the total number of nest-boxes.
Figure 2. Values of the six effect variables in the years 1975-
1980. The left ordinates are to be used for the percen-
tage nest-boxes occupied, the percentage with nestlings,
the average clutch size and the average number of nest-
lings. The right ordinates are to be used for the
percentage failures and the average breeding success.
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Figure 2 shows some graphs with the values of the effect
parameters in the 6 years. The years 1976 and 1980 were top years
in breeding success while in 1976 the occupation of nest-boxes
also showed a peak. The year 1978 was a relatively good year in
breeding success and percentage occupation. For both effect
parameters 1975, 1977 and 1979 were non-peak years.
The average clutch size and average number of nestlings do not
differ greatly between the years and only show an obvious peak in
1980. The percentage failures is extremely low in 1976 and 1980
and peaks in 1975 and 1978. The difference between the years imply
that the data for the various years should not be amalgamated.
Correlations between the independent parameters are shown in
table 2. It is clear from the table that the parameters nest-box
type, height of the nest-box, fastening type and habitat type are
strongly correlated.
Table 2 Mutual independence of the dos* parameters and independente from the possible influencinq parameters in
a matrix for the six year»
independent Independence
Nest-box Fastening Height of Habit.
type type nest-box type
Mest-box
type
Nest-box
type
Faatening
type
Height of
Habitat
type
Accessib-
lllty
Distance
Visibll-
ity
Cross tabulations have shown that 81-84% of the cases can be
regarded as belonging to one of the following three categories:
category a.- open type boxes, in open fields or along woodland
margins and hung below 6 m (30-35%);
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category b: open type boxes in wooded lanes or woods, hanging
at different heights (21-23%);
category c-, closed type boxes in wooded lanes or woods, hanging
above 5 m (25-28%).
Table 2 also shows that the dose parameter "visibility" is corre-
lated with accessibility and thus cannot be used as an independent
dose parameter. The parameters "distance" and "accessibility" are
independent of each other and can be used as separate dose
parameters.
To test whether values of the effect variables differed between
the three categories, the chi-squares and Student's t's for these
values between categories were calculated in 6 years. An example
of the results of these tests is shown in figure 3.
The values of almost all effect variables did not differ
significantly between the three categories and thus there seemed
to be no justification in retaining the categories. To test the
effect of the dose parameters upon the effect parameters, the data
from one year were thereafter regarded as a homogeneous population.
In figures 4 and 5 some test results are shown of the comparison
between the values of two effect variables in the dose parameter
classes. The differences between the distance intervals and
accessibility classes were significant in only a few cases
(indicated in figures 4 and 5).
Because this might be a consequence of too low a sample per dose
class the number of classes was reduced. Using information from or
about the manager (or owner) of the nest-box area, we arbitrary
reallocated the data of the 10 nest-boxes (29 cases) in accessi-
bility class l between the classes O and 2: access and no access.
The distance intervals were reduced to two classes that coincided
with the distances used in the field experiment: more or less than
50 m. Furthermore, it seemed to be possible to amalgamate years
that showed either high values or low values in most effect
parameters. This distinction was believed to coincide with vole
abundance (Jonkers pers. comm.). In that way vole "peak" years
(1976, 1977 and 1980) and "non-peak" years (1975, 1978 and 1979)
were combined.
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e
4
Average clutch size
1 9 7 5 1 9 7 6 1977 1^78 1979 1980
O—-O Category 1
©—© Category 3
Category 2
Figure 3. The yearly average clutch size in each category with one-
sided standard deviations as an example of the
differences between categories. The differences between
the categories a and b and category c are significant
in 1975 (t-values respectively 2.51 and 2.67, p<0.05).
The results of testing the differences between the values of the
effect parameters in these classes are shown in figure 6. In this
figure it can be seen that in non-peak years the differences between
the "no access" class and "access" class are significant in the
percentage nest-boxes occupied, percentage with nestlings, average
clutch size, percentage failures and average breeding success. In
vole peak years non of these differences, except in the average
breeding success, nor the difference in average number of nestlings,
were significant. Furthermore, the differences in the values of the
effect parameters between peak and non-peak years are striking.
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Average number of nestlings
19>519'76 1977 1978 1979 1980
O—O No access
«•-•« Limited access
Free access
Figure 4. The yearly average number of nestlings in each access-
ibility class. In 1975 the difference between "no access"
and "access" is significant (t=2.87, p<0.05).
-
100-
90
80
70-
60
50-
40-
30-
20-
10-
Percentage occupation
1975 1976 1977 1978 1979 1980
• O - 25 m
« 26 - 50 m
e 51 - 100 m
101 - 250 m
251 - 2000 m
Figure 5. The yearly percentage nest-boxes occupied in each distance
class, as an example of the differences between the
distance classes. In 1980 the difference between class l
(0-25 m) and class 3 (51-100 m) is significant (X2=7.51,
p<0.05).
- 141 -
100-
90-
80-
70-
60-
50
40
30-
20-
10
Average number of nestlings
Accessibility Distance
Percentage failures
%J40-\
Average breeding success
100
90-
80-
70-
60
50-I
40
30
2°W
peak years non-peak all years
years
peak years non-peak all years
years
No access
Free access
O - 50m
> 50m
Figure 6. The impact of accessibility and distance on the 6 effect
variables in relation to vole abundance. The values of
the effect parameters are presented as bar graphs for
both vole peak and vole non-peak years. Significant
test values are underlined (p<0.05). The numbers in the
bar graphs refer to the sample size.
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This last result generally also holds true for the analysis using
the dose parameter "distance", while here the most significant
differences in the values of the effect-parameters can also be
found in the vole non-peak years (figure 6). The percentage with
nestlings, the average number of nestlings and the average breeding
success in these years are in the distance class "0-50 m"
significantly lower than in the class "> 5O m". The average clutch
size tended to be higher far from a disturbance source in vole
non-peak years (0.05<p<0.1).
On the other hand, it appeared that in vole peak years the
percentage with nestlings and the percentage failures differed
significantly in the first 50 m from a disturbance source compared
with in the distance class more than 50 m.
Some results of an analysis of variance (ANOVA; Nie et al. 1975)
are shown in table 3. Both of the F-values and the percentage
variance explained within the effect variable are given for several
factorial designs and for several subsamples of years. Eleven out
of twenty seven F-values are significant, indicating that the dose
variable contributes significantly in explaining the variance in
the effect variables. The influence of vole non-peak years and vole
peak years on the F-values for the clutch size and the number of
nestlings is striking, while the general results of the analyses
with the breeding success do not change when the years are split
into two subsamples.
6.5. Discussion
6.5.1. The study design
In interpreting the effect parameters it has to be taken into
account that only data are provided from nest-boxes that had been
occupied at least once during the period 1975-1980. This could
imply that only the breeding results in nest-boxes which were
relatively uninfluenced by disturbance were analysed.
It might be that factors which were not measured have caused the
differences now ascribed to recreation intensity. Two important
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criteria determine the breeding density of Kestrels (Glutz von
Blotzheim et. al. 1972): an open vegetation structure in which food
is abundant and available nest-sites. As far as the latter is
concerned, Kestrels accept a wide range of nest-sites, from old or
abandoned nests in trees to all kinds of cavities in trees and
buildings, cliffs and nest-boxes at almost any height (Piechocki
1979). Habitat type was measured roughly or incomplete (by the
choice of habitat types in the questions and by "measurement" of
the respondents). Still, we have no reason to expect that both
factors differ in value systematically between the various
recreation intensity classes.
torial designs
for the other
Significant F-values «re underlined (signif icance level pSO 05)
Factorial design
1 Clutch size
(df - l), distance in
2 classes
2 Huaber of nestlinas
Accessibility in 2 classes
(df-l). distance in
2 classes (df-l)
3 Breedinq success
Acceasibility in 2 classes
(df-l), distance in
2 classes (df«l)
Penod Factors
(1975-1980)
vole non-peak years accessibility •*•
(1975, 1978. 1979)
vole peak years accessibility +
all years accessibility +
(1975-1980)
<1975, 1976. 1979)
vole peak years accessibility +
(1976, 1977. 1980)
all years accessibility +
(1975-1980)
vole non-peatc years accessibility +
{1975, 1978, 1979)
vole peak years accessibility +
(1976-1977, 1980)
accessibility
distance
distance
accessibility
distance
distance
accessibility
distance
distance
accessibility
distance
accessibility
distance
distance
accessibility
distance
distance
accessibility
distance
distance
accecsibility
distance
distance
accessibility
with dose paraa»eters
F-values \ explained
variance
3 049
2 378
4 777 84
6.070
1 . 516
0 406 06
0 006
0 747
2.713 2 1
0.216
•. •
3 134 5.3
0 287
6.128
1 103 1.6
0 968
0 881
7.337 60
2 501
4 991 88
5 590
1.970
2 483 3.8
3 . 880
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An exception must bc made, however, for the abundance of food in
the different nest-box areas. As we have already seen in Oostelijk
Flevoland, some areas differ from the general trend in food
abundance probably as a result of vegetation succession or severe
human influences. The results could have been biased if accessi-
bility classes or distance intervals in certain nest-box areas
were overrepresented compared with other areas. When food abun-
dance also differs between these areas, significant differences
in effect variables cannot be attributed to recreation intensity
alone. Since no quantitative data were available on food abundance
per area, it was not possible to correct directly for this
possible bias.
Using an indirect approach we divided the sample in two sub-
samples: the 5 largest areas and the others. Indeed we found
significant differences between these subsamples in the access and
no access frequencies. In both large and small areas, however, the
difference between these subsamples in accessibility classes in
percentage failures was significant (X2 values respectively 4.07,
p<0.05 and 4.17 p<0.05) while only in large samples the average
clutch sizes and the average breeding success were significantly
higher in the "no access" class than in the "access" class
(t-values respectively 2.72, p<0.01 and 2.96, p<0.01).
The results of the ANOVA analysis (table 3) show that the
percentages of variance explained in the effect parameters are low
(at most 8.4-8.8%). It is well-known that the breeding density and
breeding success of Kestrels can be greatly affected by vole
abundance (Cavé 1968, Rockenbauch 1968, Snow 1968, Hagen 1969),
which may be the most relevant cause of the variance. The 6 years
can be looked upon as indirect parameters of vole abundance and
the independent variable "year" has been introduced in the
analysis of variance. Although the percentages explained variance
increased somewhat as a result of this, they remained low. The
variable "year" had a significant effect on all effect parameters,
while the conclusions, based on table 3, were not affected.
Incorporating one of the "possible influencing parameters" in
the analysis of variance did not produce a rise in the percentages
of variance explained. Therefore it must be concluded that the
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most relevant factors of influence upon the Kestrel's nest-site
choice and breeding success were not included, or that the scale
of the dose parameters was too inaccurate to yield a high
percentage of variance explained.
6.5.2. The influence of food abundance
From figure 2 it is clear that the values of the effect parameters
fluctuate greatly from year to year. The presence and magnitude of
an effect of recreation intensity differs between years too, as
figures 3, 4 and 5 reveal.
Both food abundance and. the availability of nesting places are
known to be important factors (Cavé 1968,' Glutz von Blotzheim et
a2. 1972). Since the availability of nesting places is a constant
factor (a constant surplus of nest-boxes) an explanation of the
results has to be searched for in food abundance, which gives rise
to the following questions:
1. how can the impact of recreation upon nest-site choice be
influenced by food abundance when the latter differs from
year to year?
2. how can the impact of recreation upon the breeding success be
influenced by food abundance, when the latter differs from
year to year?
For Dutch kestrels food abundance is synonymous with vole
abundance, because their main prey is the common vole Microtus
arvalis (Cavé 1968, Glutz von Blotzheim et al. 1972, Cramp et al.
1980). In this species a 3-4 year cycle in population density can
be seen in the optimal habitat (Van Wijngaarden 1957). In peak
years the population density can increase dramatically in little
grazed and manured grasslands (their optimal habitat; Stein 1958)
to such a level that, towards the end of the cycle they spread
into suboptimal and marginal habitats (Jonkers & Van Wijngaarden
1975). At the end of the 3 or 4 years the population crashes and
the next spring voles can again only be found in their optimal
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habitat. These cycling fluctuations are generally synchronous in
different parts of the country.
Optimal vole habitats are difficult to find in The Netherlands
nowadays (De Bruijn 1979) but a new kind of vole habitat has
evolved recently: Jonkers & Van Wijngaarden (1975) state that road
vcrges appear to be good vole habitats.
The mechanism which is likely to be active is that disturbance
results in lost foraging time for which hardly any compensation
can be obtained, especially in non-peak years of the vole-cycle or
in sub-optimal habitats.
As a result of disturbance during foraging in the period prior to
the breeding the foraging efficiency may be so bad that the female
Kestrel may decide to leave the area or not to breed at all. Both
processes will result in lower percentages occupation. The
disturbance effect on breeding success may be a direct consequence
of poorer feeding conditions with, as a result, smaller clutches
(Cavé 1968).
The effect of disturbance on the average clutch size contradicts
the findings of Snow (1968) but is in agreement with the results
obtained by Hagen (1969), Versluys & Verhoeven (1978) and Dijkstra
et al. (1982).
A remarkable difference in the effects of disturbance between
vole peak years and vole non-peak years can be seen in figure 6.
In contrast to the influence of accessibility upon the percentage
failures, which is largest in non-peak years, the influence of
distance to roads is largest in peak years. The latter phenomenon
might be a result of the sub-optimal habitat character of the
areas further than 50 m from a road.
In non-peak years voles are only potentially abundant along the
verges of roads (an optimal habitat (Stein, 1958)) but because of
a high disturbance level the breeding conditions for Kestrels are
also unfavourable close to the road. Far from the road disturbance
is less, but the Kestrel feeding conditions are poor there which
results in even poorer breeding conditions for the Kestrel, thus
explaining the absence of a significant difference between both
distance intervals. In vole peak years, however, voles spread from
their optimal habitat and because of this feeding conditions for
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Kestrels at a large distance from the road are favourable, as is
illustrated by the low percentage of failures in the nest-boxes.
This results in a maximum difference in percentage of failures in
both distance intervals in peak years.
6.5.3. Conclusions and recommendations
Summarizing the results and discussion we conclude that:
1. recreation may cause the Kestrel to avoid areas freely
accessible to humans and areas up to approximately 50 m from
sources of disturbance;
2. recreation may also influence the breeding success of the
Kestrel in areas with free access to humans and in areas near
sources of human disturbance;
3. the effect of accessibility is strongest in years with a low
food supply for the Kestrel and is especially important during
the settlement and incubating stage of the breeding cycle;
4. the effect of the distance from a source of disturbance (road)
can be strong in both vole non-peak and vole peak years and is
of special influence in the incubating phase of the breeding
cycle and in the phase of raising the young.
These conclusions give rise to some recommendations for further
research and for management:
study of the behaviour of the Kestrel should reveal which
mechanism is responsible for the nest-site choice effect and
for the effect upon breeding success;
research in other situations should reveal how different
recreation intensities lead to differences in effects
(quantification of the relationship between dose and effect);
site managers should realize that the density and breeding
success of the Kestrel is lower over a distance of at least
50 m from sources of disturbance (roads) but that this
disturbance might be less or more in other circumstances,-
site managers should also realize that though in this study
the effect of human disturbance upon densities and breeding
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success was shown to be significant, the magnitude of this
effect is small and its applicability is restricted since
only Kestrels breeding in nest-boxes were studied.
Clear management goals are necessary to decide whether this
effect is acceptable or not;
site managers should also realize that the distances over
which disturbance operates may be longer and the effects of
disturbance may be more severe under conditions that are
otherwise unfavourable for the Kestrel.
Whether a decreased density of the Kestrel over a strip of 50 m
will also result in a population decline is a question that cannot
yet be answered. General ecological theory predicts that the
carrying capacity of an area is always nearly reached. However,
the Kestrel may avoid this strip for nesting but still use it for
foraging. In that case the population would not be affected by the
disturbance because no suitable habitat is "spoiled". Further
research is needed to resolve this question.
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IMPACTS OF OUTDOOR RECREATION UPON DENSITY. AND BREEDING SUCCESS OF
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7.1. Abstract
The relations between recreation intensity and bird density were
studied first in a dune area in 1976 and 1977. These studies were
in the nature of pilot studies and one of the conclusions was that
a more uniform study area was needed to enable reliable conclusions
to be drawn about recreation impacts. Such an area should enable a
study design in which study plots differ solely in recreation
intensity, so that differences in bird densities can be interpreted
as recreation effects. It was believed that such a study area
existed in Oostelijk Flevoland (Roggebotzand, Reve, De Abbert). In
this area a forest of 1,500 ha had been planted in two short
planting periods after the reclamation of the polder in 1958. The
forest is divided into large, rectangular, apparently homogeneous
parcels and seemed very suitable for our study.
In 1978 13 plots of poplar woodland of the same age class were
selected (132.2 ha). These plots were classified as busy or quiet
plots using the results of visitor counts. Busy plots were those
plots with a path segment along which more than 1.98 groups of
visitors passed per hour, on average. The bird count results
enabled the differences in the densities of nine bird species to
be tested. Only the average densities of the Willow Warbler
(Phylloscopus trochilus) and Woodpigeon (Columba palumbus) were
lower in the busy plots than in the quiet plots. The other species:
Wren (Troglodytes troglodytes), Song Thrush (rurdus philomeloa),
Blackbird (Turdus merula), Robin (Erithacus rubecula), Blackcap
(Sylvia atricapilla), Chiffchaff (Phylloscopus collybita) and
Chaffinch (Fringilla coelebs) showed a higher average density in
the busy plots (table 3). However, during the field work it became
apparent that the vegetation and other characteristics of the plot
(parcel) edges differed between the plots and that therefore the
basic assumption of homogeneity was not met. Therefore some edge
parameters were measured for each plot and used for a re-analysis
of the data. A stepwise regression analysis was used to select the
best correlating edge parameter and this parameter was used as
covariate in an analysis of variance. We also tried to solve the
problem of the low numbers per species by defining guilds using
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size (large and small species), migration and breeding behaviour
(residents, summer birds, early breeders, late breeders) and
nesting behaviour (hole, ground, shrub and tree breeders) as
criteria. The number per species and per guild were used as
dependent variables.
The results of the re-analysis showed (table 7) that the higher
values in the busy plots diminished (for the Wren, Blackcap, Robin
and Chiffchaff), or were reversed (for the Song Thrush, Blackcap
and Chaffinch). However, the lower values in the busy plots for
the Woodpigeon also diminished. Only the lower value of the Willow
Warbler in the busy plots remained almost significant. Only the
density value of the shrub breeders appeared to be significantly
lower in the busy plots. The results of the 1978 study remained
ambiguous for several reasons.
a. Differences other than the edge characteristics between the
plots, such as the spontaneous shrub layer, might have caused
biased results.
b. The difference in recreation intensity between busy and quiet
plots might have been too small for a number of bird species
and an experimental test could have confirmed or refuted the
results of the descriptive study.
c. The effects of recreation might have been concealed by the
bird counting method, for instance when the birds' breeding
success was Icwered, which was not measured.
Follow-up studies were designed and done in 1979 in an attempt
to remove these sources of ambiguity.
a. A detailed survey of vegetation structure was made in the
1978 and 1979 study plots.
b. In 1979 an experimental recreation intensity was simulated in
a number of plots which had been quiet in 1978; these plots
were compared with an equal area of control plots. The simu-
lated recreation intensity was as high as possible, given the
available manpower (80 visitors per day in the experiment
plots).
Another observation method was developed that enabled a
qualitative estimate to be made of the breeding success of
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the Willow Warbler and a quantitive estimate to be made for
that of the Wren.
The following results were obtained in these follow-up studies.
a. An analysis of the differences in vegetation structure of the
busy and quiet study plots of 1978 revealed that there was no
significant difference between averages in both categories.
The aberrant plot edges were excluded from this analysis.
This result can be seen as confirmation of our inference that
the differences in density of the Willow Warbler and shrub
broeders were a recreation impact.
b. The impact of the experimental stimulus was analysed for five
species only: Wren, Robin, Blackcap, Willow Warbler and Garden
Warbler. Only the Blackcap showed a lower density value in
the experimental plots after correction for vegetation
differences (table 8). The interpretation of this difference
was hampered by our lack of knowledge about whether the
Blackcap territory owners were already present during the
simulation period (2-20 April).
This result did not confirm the 1978 results for the Willow
Warbler.
c. Effect parameters were defined using data on the territories
of 110 Willow Warblers and 16 Wrens. The values of these
parameters did not differ significantly between experiment
and control plots after correction for vegetation differences
(tables 9 and 10). The Wren showed a slight tendency for
recreation intensity to have a negative effect upon the
number of pairs with fledglings (p=0.163).
The relevance of the results of the follow-up studies is limited
because of:
the short period in which recreation was simulated;
the low recreation intensity level that could be reached in
the experimental plots;
the paucity of species whose densities could be analysedi
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The relevance of the Oostelijk Flevoland study is its contribution
to the methodology of recreation impact research on birds. A purely
descriptive study design based on a ceteris paribus assumption
seems to be impossible even under the most uniform vegetation
conditions that can bc found in The Netherlands. This implies that
it is always necessary to sample other variables, such as vegetation
structure, to be able to correct the results for their impacts. As
a consequence, larger samples will be necessary.
Simulation experiments are scarcely feasible and are unpromising
unless one can provide a very large number of people and simulate
simultaneously with bird counts. The observation method that was
developed to measure breeding success is a promising technique and
deserves further application. Further study is necessary to
establish the recreation intensity range in which effects on bird
density occur and also to establish the distance over which
disturbance operates (this might also be dependent on other
factors).
7.2. Introduction
7.2.1. General introduction
Outdoor recreation is often mentioned as having a negative
effect upon populations of certain bird species, but this effect
has seldom been studied thoroughly (see: Wall 1977; Speight 1973;
Liddle & Scorgie 1980). Exceptions to this rule are the studies of
De Roos & Schaafsma (1981) and Titus & Van Druff (1981). However,
information about recreation impacts upon birds could be very
useful both for planners and for site managers.
This article presents the results of a study in Oostelijk
Flevoland, carried out as part of the four-year study project:
"Effects of outdoor recreation on breeding birds". This project
was started in 1976 and its main goal was to establish the effects
of pedestrians upon the population densities and breeding success
of birds breeding in dune and forest areas. The project is
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specifically aimed at establishing the direct effects (see Watson
1976; chapter l, par. 3.1.) of visitors, the so called disturbance
(see also Van der Zande et al. 1980a). The studies in Oostelijk
Flevoland were carried out in 1977, 1978 and 1979 and describe the
effects of pedestrian recreation upon densities and breeding
success of the birds breeding in poplar stands.
An important goal of this chapter is to show that the often used
transverse research design fails, even under very uniform
circumstances and with large samples. A secondary goal is to
present some insights in recreation-impact study methodology.
7.2.2. Previous studies in the subject
The study project started in 1976 in a dune area south of Zand-
voort. A descriptive study design was carried out sampling some
busy and some quiet areas (Student Report: Van Brussel 1981). The
interpretation of the results was hampered by the heterogeneity
of the study area. Differences other than those in recreation
intensity between the study plots could have been the cause of the
differences in bird densities. To overcome this problem two
experiments were carried out: one consisting of closing a part of
the area to the public (Student Report: Zandvliet 1981) and another
consisting of setting up a signposted route to attract more visitors
(Student Report Prins 1980; Student Report: Kip & Van Welzen 1982).
Here also the interpretation of the results was hampered by the
fact that other differences than recreation intensity between
experimental and control plots might have resulted in different
population developments between the years (the vegetation structure
differences between experimental and control plots could result in
optimal habitat versus suboptimal habitat fluctuations). A way of
overcoming this problem was found by using a design with a large
number of plots, so that differences between the plots were
randomized and only caused scatter in the relationship between
recreation and density (see Van der Zande et al. 1980 b).
Another possibility was to look for more homogeneous study plots.
- 157 -
Oostelijk Flevoland is an area in which such plots can be found.
Thus we started our study in Oostelijk Flevoland in 1977. An
experiment was planned using a signposted route in 1978, but the
route attracted too little extra visitors in the study plots and
this design was abandoned in 1978 favouring other designs. In this
article the results of studies carried out in 1978 and 1979 are
presented.
7-2.3. Study in Oostelijk Flevoland
We shall first present the results of a descriptive study design
carried out in 1978. The wooded parcels seemed to be very uniform
in vegetation composition and structure and in other important
characteristics (soil, management regime, water table etc.).
A number of wooded parcels was selected, all poplar woods of the
same planting age. Half the number of them were selected because
they were thought to be visited intensely (according to the local
managers) and the other half because they were thought to be
visited poorly. Recreation intensities and bird densities were
sampled and the results were analysed in order to establish
whether there were significant differences in bird densities.
However, the results of this analysis were ambiguous: although
some species showed a higher density in the quiet parcels other
species showed the opposite (in one case even significantly).
Possible biasing factors seemed to be:
a- the parcels in the busy and guiet classes were not as
homogeneous as they were thought to be;
•• the differences in recreation intensity between busy and quiet
parcels were perhaps too small to measure an effect and the
recreation intensity in the busiest parcels might be too low
to influence bird densities;
c- the bird counting technique might have measured no effect
because only densities of settled birds were recorded and
breeding success was ignored;
*• the samples may have been too small to enable a slight effect
to be measured.
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These different possibilities stimulated us to carry out three
follow-up studies in 1979.
In 1979 the vegetation was surveyed thoroughly in order to check
the assumption that both recreation intensity classes did not differ
in anything but recreation intensity. The data on the veqetation
enabled us to re-analyse the differences between busy and quiet
parcels (see par. 7.5.), In order to increase the recreation inten-
sity, an experiment was carried out in which volunteers simulated
a high recreation intensity (see par. 7.7.). The breeding success
of the Willow Warbler (Phylloscopus trochilus) was measured using
another observation method (see par. 7.8.). In figure l the four
studies presented in this article are shown in a diagram.
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Figure 1. Diagram of the 1978 and 1979 studies.
The results of the 1978 study and the three follow-up studies in
1979 are discussed in par. 7.9. In par. 7.10. we conclude with
some remarks about the applicability of the results.
7.3. Description of study area
As stated above, we searched for an area with largely homogeneous
vegetation in order to be able to draw large samples of otherwise
equal busy and guiet study plots. Such an area was found in
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Oostelijk Flevoland, a polder reclaimed in 1958 from the
IJsselmeer. The northeast edge of this polder (52°30'NL and
5°45'EL) is covered with a 1,500 ha newly planted production
woodland. Although we think the susceptibility of breeding birds
to recreation is less in wooded areas (as a result of the presence
of more cover), the densities of breeding birds in woodland are
higher than in open areas and the larger samples of territories
will enable one to draw reliable conclusions more easily.
Moreover, forests are among the most popular recreation areas in
The Netherlands (Staatsbosbeheer-Intomart 1974) and it is
important to acquire knowledge about disturbance in these areas
too.
Vis (1971) has thoroughly described the history of the forest.
It is divided in three management units: Roggebotzand, the
northern part; Revebos the central part; De Abbert the southern
part (see also figure 2).
Each of these units is divided in many woodland parcels,
separated from each other by ditches. The parcels are oriented
east-west and vary in width from 175 to 400 m. Their length is
very variable, dependent on the presence of roads and larger
paths, but sometimes (in De Abbert) they run the entire width of
the forest. Each parcel is bisected (lengthwise) by a parcel-path.
The parcels are drained by trenches that run between this
parcel-path and the ditches. The distances between the trenches
vary among the parcels, being between 8 and 38 m. The number codes
of some parcels are shown on the map in figure 3, and these number
codes have been used in this text and in the tables.
Of the parcels, 39% have been planted with poplar
(Populus spp.), 27% with fir (Picea spp.) and 10% with pine
(Pinus spp.). The remaining 24% have been planted with other
species or with mixed deciduous trees. The forest was planted in
two periods: from 1958 till 1962 (age class 1), and between 1965
and 1970 (age class 2). Alder (Alnus glutinosa) was used to
provide a windbreak and mineral nitrogen, and has been planted
along the trenches. In this study we only use study plots of
poplar of age class l.
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Figure 2. Map of the study area in Oostelijk Flevoland.
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The shrub layer and herb layer of the parcels are usually well
developed. Parcels that had been mowed the year before were
omitted from our samples. The area is flat and has a sandy or
slightly clayish soil. The groundwater table is high, especially
near the polder dike, where water percolates through the dike.
Although the production of wood (pulp and timber) is the main
management goal, the site of the forest was chosen to contribute
to the amenities of the new polder.
The forest is also open to the public and various provisions
have been made (footpaths, bicycle paths, parking places etc.).
There are four camping places in the forest and also some play-
grounds with picnick facilities.
7.4. Descriptive approach in 1978
7.4.1. Introduction
As stated above, in 1978 a study design with a number of busy
parcels and a number of quiet parcels was chosen. The selection
was based on the site managers'knowledge about the recreation
intensities, but the classification of the parcels according to
recreation intensity classes was reassessed after the bird
breeding season (when visitor counts had been made). Birds were
counted in 17 parcels (9 quiet and 8 busy ones ) covering a total
area of 132.2 ha. Because the parcels had also been selected for
their homogeneity, no vegetation survey was planned.
In the course of the bird counting season, however, (when the
vegetation developed), it became apparent that the parcels were
not as homogeneous as we thought them to be. Differences were
especially apparent in the parcel edges, where many birds occurred.
For that reason some edge characteristics were measured (from
maps) and used as parameters for the analyses (paragraph 7.6.1.).
In this re-analysis not only individual species but also
combinations of species, that were regarded as relevant for our
problem, were used as effect parameters (dependent variables).
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7.4.2. Methods
7.4.2.1. Recreation in busy and quiet parcels
Several methods were used to sample the recreation intensities.
A. Counts made by mobile counters on a bicycle, riding routes
through the study area several times a day and noting down
the visitors on a map; for a description of this method see
chapter 3 and par. 4.4.2.
B. Questionnaires were distributed among the visitors of the
camping places to establish the frequency and distance of
their walks and visits in the forest.
C. A pneumatic car counter (a hollow tube with a valve and a
counting mechanism) was laid across the entrance roads
enabling a daily check of the number of axles that passed
along the road.
D. Registration data of visitors at the camping sites was made
available by the camp-site managers.
Recreation intensities could be divided in two classes: parcels
in which the average pedestrian intensity was more than 1.98
groups of visitors per hour (the median intensity of all parcels)
over a footpath on Sunday was classified as "busy". The other
parcels were classified as "quiet". Thus the sample could be
divided into:
9 busy parcels with a total area of 46.7 ha,-
8 quiet parcels with a total area of 85,4 ha.
The parcels are indicated on the map in figure 3. All visitors
in the sample appeared to be pedestrians (upon the parcel paths).
The number of groups, rather than the number of persons, was used
as an estimate of recreation intensity because we considered a
group to be a discrete stimulus.
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Map of De Abbert,
Revebos & Roggebotzand
1978 study plots
reoreation intensity quiet*
recreation intensity "busy
Figure 3. Map of the 1978 study plots, showing busy parcels
(hatched) and quiet parcels.
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7.4.2.2. Bird census by the mapping method
Birds were counted by estimating the number of occupied
territories, using the mapping method (International Bird Census
Committee 1969).
Because it is known that the accuracy of this method is dependent
on the number of visits made by the bird counter, a large number
of visits was paid to each parcel; a minimum of 15 and a maximum
of 21 (sec also table 1). This large number of visits, between
March the Ist and July the 7th, made it possible to distinguish
between observations in and outside an "optimum period" (the optimum
period is the most reliable period in the breeding season for
counting the species because the singing is strongest and migration
has almost stopped; see Vogelwerkgroep Grote Rivieren 1973). A
sighting of a bird within the optimum period was weighted twice
that of a sighting made outside this period. The minimum criterion
for establishing an occupied territory was generally six sightings
of singing males within the optimum period or an equivalent number
of weighted sightings (Student Report: Ter Horst 1981). For an
optimistic estimate a number of three sightings was used.
Simultaneous sightings of neighbouring birds were used to split
territories (clusters of observations). The Mallard (Anas
platyrhynchos), Woodcock (Scolopax rusticola) and Cuckoo
(Cuculus canorus) could not be counted this way. An estimate of
the number of mallards in a parcel was obtained by assessing the
number of pairs or males in March and April. Only the presence of
the Woodcock and Cuckoo in a parcel was recorded (+ or -).
The centre of each territory was assessed by calculating the
centre of gravity of all observations in the cluster. A territory
was regarded as belonging to a certain parcel if its centre lay in
that parcel or, if the centre lay on the edge of a parcel, when
the largest part of the territory lay in that parcel.
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Table 1. Bird counting visits to each study plot per month in
1978.
Month
Study plot code
Quiet
P 88
0 59
0 58
0 57
N 65/66*
N 44**
N 47**
Busy
P 94/95*
0 73
0 63
0 55
N 80/81*
N 66/67*
+ These small
** This oarcel
Harch
3
5
5
5
5
9
9
3
3
5
3
4
2
parce,ls have
April
5
5
s
5
6
14
14
5
6
6
4
7
6
been
jv Van
May
6
3
3
3
3
15
15
6
6
6
6
5
4
combined.
der Zande
June
3
5
5
5
7
8
8
3
2
1
2
3
3
fothers b'
Total
17
18
18
18
21
46
46
17
17
18
15
19
15
r Ter Horst) as oart of
larger counted area. The figures concern this larger area and present an
exaggerated picture.
7.4.3. Results without corrections
A list of the bird species observed is given in table 2. The
breeding species or probably breeding species are also indicated.
The numbers and densities of the nine most abundant breeding bird
species are given in table 3. The number of territories of these
species should enable reliable statistical conclusions to be drawn
and the lowest number used was 28. The mean densities of these
species in busy parcels and quiet parcels were calculated and
tested against each other. Because the densities were found to be
distributed following a normal distribution (Kolmogorov-Smirnov
test) a Student's t-test was used. The test results are shown in
table 3 too. Only the Woodpigeon (Columba palumbus) and the Willow
Warbler (Phylloscopus trochilus) had a mean density lower in busy
parcels than in quiet parcels. The seven other species (and all
the passerine species together) had mean densities higher in busy
than in quiet parcels; some of these differences were even
significant (Chiffchaff, Phylloscopus collybita).
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Table 2 Bird species observed and breedlng in the study plots counted in
1978 and 1979.
Species name
Grey Heron
Hallard
Teal
Garganey
Shelduck
Hu te Swan
Buzzard
Rough-legged Buzzard
Goshawk
Marsh Hamer
Kestrel
Noor hè n
Coot
Woodcock
Green sandpiper
Stock Dove
Woodpigeon
Turtle Dove
Cuckoo
Long-eared Owl
Great Spotted Woodpecker
Swallow
Tree Pipit
Meadow Pipit
White Wagtail
Wren
Dunnock
Mistle Thrush
Re dwing
Blackbird
Nightingale
Fieldfare
Song Thrush
Rob in
Grasshopper Warbler
Marsh Warbler
Blackcap
Garden Warbler
Whitethroat
Lesser Whitethroat
Willow Warbler
Chiffchaff
Goldcrest
Spotted Flycatcher
Pied Flycatcher
Gr«at Tit
Blue Tit
Willow Tit
Long-tailed Tit
Reed Bunting
Greenfinch
Siskin
Linnet
Hawfinch
Chaff inch
Brambling
House Sparrow
Starling
Golden Oriole
Carrion Crow
Magpie
J«y
o * observed
b = probably breeding
Ardea czn«r«a
Anas platyrhynchos
Anas cr*cca
Anas querquodul*
Tmdor-nm tadorna
Cygnus o lor
But*o but*o
But«o Imgopus
Accipiter gmntilis
Circus aeruginosus
Fa J co tinmmculus
Ga II mul a chloropus
Fulica a t ra
Scolopajc rusticoia
TYinga ochropus
Columb* oenas
Columb* ptluubus
S tr«p top* 2 i a turtur
Cuculus canor-us
Asio otus
D«ndrocopus ma j o r
Hirundo rustica
Anthus tri via 1 is
Anthus pratcnsis
Hotmcill» »lb»
Troglodytas troglodytes
Prunella aodul»ns
Turdus vi se ivo rus
Turdua iliacus
Turdus meruia
Luscinia megurhynchos
Turdus piJaris
Turdus philomeloa
Erith*cus rubecul»
Locustella naevia
Acroc«phajus pa lus t r is
Sylvj.» atricapiHa
Sylvi* borin
Sylvit coanunis
Sylvia curruca
Phy 1 1 oscopus trochi 1 us
Phylloscopus collybit*
Regulus regulus
ttuscicapa striata
FiceduJa hypoJsuca
Parus m*}or
Parus ca«ruJeus
Parus montanus
A*git/iaJos caudatus
Emberiza sc/ioenicJus
ChJoris chloris
Cardu*lis spinus
Cardu«2is cannafcina
CoccotAraust*s coccot/iraustas
Fringill» coeltbs
Fringill* oontifringill»
Passer dooMsticus
Sturnus vulgaris
Orioius orioJus
Corvus corona corona
Pica pica
GarruJus gJandarius
1978
b
b
o
b
0
-
b
-
0
o
b
0
0
0
o
b
b
b
o
b
b
0
b
b
o
o
b
b
b
b
b
b
b
o
0
0
b
b
b
o
o
o
0
o
o
b
-
o
b
b
o
0
1979
o
b
-
0
o
-b
-
0
-
b
b
o
b
-
0
b
o
0
-
b
0
b
-
o
b
b
o
o
b
-
-b
b
-
j-.
b
b
-
b
b
b
o
o
b
b
b
0
0
-
o
o
o
-
b
o
o
0
b
b
o
o
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Densities (per ha) of the nine most abundant passenne species in the busy and qu^et parcels in 1978
(maximum estimated terntory numbers betw*en parentheses)
Wood-
pigeon
Song
truih
Blactcbird Robin Blackcap Willow
warbler
Chiff-
chaff
Ch«f-
finch
Total
passennes1
Quiet
P 88
M 65/66
N 44
H 47
0 40(6)
0 26(3)
0 09(1)
0.06(1)
0 08(1)
0.27( 4) 0.34(5)
0.53( 6
0 46 ( 5
0 .77(12
0 76(10
0 27(3)
0 58(9)
O 38(5)
0 27(4)
0 27(3)
0 26(4)
0 08(1)
0 6
0 3
0 2
02
9)
5)
4)
4)
3)
0 27(4) 1.
0 18(2) 0
0 19(3) 1
0 38(5) 0
B(19)
5(12)
3( 8)
7(26)
3( 7)
0.47(7)
0 36(4)
0.45(7)
0 38(5)
0 34{
0 36 (
1 O2(l
O 61 (
) 4 64(69)
) 4 21(56)
) 3 37(37)
) 5 95(93)
) 4 24(56)
1
M
Busy
P 94/95
0 73
0 63
H 80/81
H 66/67
0 21
<1B)
0 23(3)
0 27(3)
0 18(1)
0 17(1)
0.22(2)
O 56
(48)
0 46( 6)
0 64( 7)
0 711 4)
0.87( 5)
0.6S( 6)
0 36
(32)
0 30(4)
0 18(2)
1 25(7)
0 52(3)
0.32(3)
o
0
0
0
27
(22)
30(4)
27(3)
53(3)
52(3)
32(3)
0 .46
(38)
0 53( 7)
0.371 4)
2 32(13)
1.221 7)
0 65( 6)
0 30
(25)
0 30(4)
0 18(2)
0 71(4)
0 35(2)
- (-)
1 09
(95)
0 69( 9)
0 37( 4)
1 96(11)
0 87( 5)
0 86( 4)
O. 43
(37)
0.38(5)
0 37(4)
1 60(9)
0 87(5)
0 86(8)
0 47
(43)
0 38( 5)
0.46( 5)
0.89( 5)
0 35( 2)
0 43( 4)
4 SB
(405)
4 26(56)
3 19(35)
10 68(60)
8 67 (17 )
6 77(39)
3 88(36)
D O 18 O 73 O 51 O 41 1,02 0,34 0,96 0,85 0,59 6,24
N (10) (30) (20) (17) (39) (13) (35) (33) (23) (243)
t +0.53 -1.60 -O 98 -2.11 -2 00 -O 42 +0.74 -2 82 -O 74 -l 42
p o 61 O 14 O 35 O 06 O 07 O 68 O 97 O 03* O 47 0.18
D - average density (the sum of the parcel densities divided by the number of parcels)
N = number of bird territories
To examine the effect of differences in recreation intensities
within the group of busy parcels upon the bird densities in these
parcels a rank correlation coëfficiënt (Kendall's tau) was
calculated between bird densities and recreation intensities.
These correlations are shown in table 4. None of the correlations
differed significantly from zero. Only the Woodpigeon and the
Willow Warbler again showed a negative correlation between
recreation intensity and bird density.
Table 4 Kendall's rank correlations between the recreation intensity and bird
density of
Specie B
Woodpigeon
Wr*n
Song Thru»h
BUckbird
Rob in
•lackcap
Willow Warbler
Chiffchaff
Chaffinch
the busy parcels for nine «pee ie* and the group of passer
Coëfficiënt
-0 33
0 20
0 20
0 20
0 20
0 47
-0 33
0.33
0 60
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7.4.4. Preliminary discussion
At first sight one is liable to conclude that recreation had no
negative effect upon bird densities. However, the positive
correlations and higher densities in busy parcels created doubts
about the cause and effect relationships of these differences. The
doubts were enhanced by our observations during the bird counting
season that differences in the vegetation increased between the
parcels. The spontaneous vegetation under the trees appeared to be
very different between the parcels. In particular the edges of the
parcels differed from the central parts and thus small parcels
(with proportionally more edges) differed from large parcels. This
could mean that the busy parcels as a group differed from the quiet
parcels as a group in aspects other than recreation intensity only.
Relevant characteristics might be:
the vegetation structure of the parcels; these variables are
probably very important but no data were gathered at this
stage of the study;
the characteristics of the parcel edges (see also Odum 1971;
Hohtola 1978); these variables could be measured from maps.
Five edge variables of the busy and quiet parcels were measured
and calculated:
1. edge heterogeneity (EH). Definition according to Hohtola
(1978): this index measures the heterogeneity of the
vegetation of the surrounding parcels compared with the
parcel studied;
2. edge area (EA). This is the total area of the edge, a strip
50 m wide along any path or edge in or around the parcel;
3. edge length (EL). The edge length is the sum of lengths (in
metres) of edges between the paths and parcels and between
the parcels and surrounding parcels;
4. trench length (TL). The total length of the trenches in a
parcel. This variable was chosen because we had noticed that
the vegetation in and along the trenches differed from that
of the rest of the parcel. For example the alder was most
abundant along the trenches. ihe TL could easily be measured
from 1:2000 maps of the parcels;
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5. area of shrub strips (AS). Some parcels appeared to have a
broad strip along sotne edges with a dense shrub vegetation.
The area of these strips could be measured from existing tnaps
of each parcel.
Another problem we wished to solve was the low number of
territories for most species. An alternative to excluding these
species from analyses, as was done in paragraph 7.4.3., is to
combine the numbeis of these species into biologically relevant
units (guilds). These guilds are defined in table 5 and shown in
the appendix B. We assumed that it was possible that no effect
was measurable at the level of individual species, but that such
an effect became measurable when species with the same characteris-
tics were combined. We chose three factors to classify the species:
1. the size of the bird was chosen because larger birds could be
more susceptible because they are more conspicuous and attract
more attention from visitors;
2. the migration and breeding habits of the species, because the
period that each species might suffer from a recreation
influence differs. Extremes are the resident bird species
that breed late in the season (April and May, when most
visitors are present in the study area) and the summer birds
that breed early in the season;
3. the nesting habits of the species, because a species nesting
high in a tree or nesting in a hole will probably be less
susceptible than ground breeding species.
The edge variables of the parcels were used in a re-analysis and
in addition to the individual species the guilds were used as
effect parameters. All analyses were done using the SPSS program
(Nie et al. 1975, Huil & Nie 1981).
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Table 5. Groups of bird species with a common characteristic (guilds) used as
dependent variables in the analyses.
Characteristic Name Definition Reference
size large species
small species
migration status residents
summer birds
breeding period early breeders
late breeders
nesting habit hole breeders
Ground breeders
shrub breeders
tree breeders
total length (from
tip of the bill to
the tip of the
tail) more than
20 cm
total length less
than 20 cm
resident as a
species
only present during
summer
species which start
breeding before the
end of April
species which do
not start breeding
before the end of
April
species generally
nesting in holes
species generally
nesting on or near
the ground
species generally
nesting in the
shrub layer
species generally
nesting in trees
Peterson et al.1976
Sluiters 1975
Sluiters 1975
Sluiters 1975
7.4.5. Results after corrections
First of all the edge variables were tested for normality: all
except AS appeared to be distributed normally. Averages of the
edge variables and the area (A) of each parcel were calculated for
busy and quiet parcels and the differences were tested using
Student's t-test (Mann-Whitney U test for AS; Siegel 1956). The
variables area (A) and edge length (EL) turned out to be
significantly larger and longer in busy parcels than in quiet
parcels (A: p=0.01; EL: p= 0.033), whereas the length of the
trenches (TL) and edge area (EA) were almost significantly longer
in the busy parcels (TL: p= 0.059; EA: p= 0.078). The edge
heterogeneity (EH) and the area of shrub strips (AS) did not
differ between both recreation intensity classes.
Table 6.
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Coëfficiënt! of correlation between the densities of nine bird
species and of 11 guilds with some study plot characteristics
Species/ guilds
Specie»
Woodpigeon
Wren
Song Thruah
Blackbird
Robin
Blackcap
Hillow Warbler
Chiffchaff
Chaffinch
all passerines
Guild»
large specie»
small specie»
residents
suomerbirds
early breeders
late breeders
hole breeders
ground breeders
shrub breeders
tree breeders
1 Pearsons r
P
* * pSO.05
** = pSO.Ol
*** = pJo.OOl
Plot characteristic:
Area1 Edge1
area
(A) (BA)
0
0
0
0
-0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
54*
69**
49*
47
06
48*
66*
29
63
72**
75***
72**
81***
69**
79***
72**
57*
52*
77***
85***
e
•
'.
l
1
•
•
•
•
.42
.61*
.61*
.40
.20
.59*
.59*
.44
.61*
.77***
.71*
.78*
.84*
.75*
.78*
.78*
.74*
.65**
.79***
.79***
Spearman
Edge1
length
(EL)
.,
'
0
0
0
!
1
B
1
i
39
52*
68**
75**
25
40
78***
48*
63*
82***
84***
79***
71**
80***
85***
80***
69**
75***
69**
80***
Edge1 Area of2
Heter- shrub
geneiety strips
(EH) (AS)
0.10
0.25
0.27
-0.13
-0.18
0.14
0.38
0.09
0.35
0.36
0.14
0.41
0.41
0.42
0.31
0.38
0.26
0.25
0.34
0.35
0
0
-0
0
0
0
0
-0
-0
0
0
0
-0
0
-0
0
-0
0
0
-0
46
08
10
09
18
30
39
14
38
03
02
05
01
06
09
15
23
09
10
.21
Trench1
Length
(TL)
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
76**<
16
27
46
2
58*
50*
29
.19
51*
70**
.51**
36
55*
.56*
.57*
.43
.49*
.51*
.56*
The correlations between these variables and the number of
territories per species or per guild are given in table 6. Edge
length correlated highly with the numbers of territories of most
species and guilds of species. Bird species showing high
correlations with variables other than edge length were:
the Woodpigeon, with total trench length;
the Wren (Troglodytes troglodytes), with area of the parcel;
the Blackcap (Sylvia atricapilla), with edge area.
The Robin (Erithacus rubecula) was remarkable in showing no
significant correlation with either variable.
Guilds of species showing higher correlations with variables
other than edge length were:
J
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the residents, hole breeders and shrub breeders, with edge
area;
the tree-breeders, with area.
Because the edge variables were not independent we could not
simply correct for all the variables that showed significant
correlations with bird numbers.
A stepwise regression analysis (SPSS) was done to examine the
existence of significant correlations after corrections had been
made for the variable with the highest correlation coëfficiënt
with bird numbers. In most cases no significant correlations
remained between the bird numbers and the other edge variables.
The Wren and the Blackbird were exceptions. The Wren showed a
significant correlation with the trench length (TL) after
correction for area (A). The Blackbird showed a significant
correlation with edge area (EA) after correction for edge length
(EL). To examine the differences between busy and quiet parcels
after corrections for the one or two significant edge variables,
analyses of variance (ANOVA) were run with the numbers of bird
territories as dependent variable, the recreation intensity as
factor and the edge variables as covariates. The results of these
analyses are shown in table 7.
Only the shrub breeders showed a significantly lower number of
territories in busy parcels. In contrast to our expectations this
was not the case for ground or late breeders. For the separate
species only the Willow Warbler again showed an almost significant
difference, with lower numbers in the busy parcels.
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Table 7. Results of an ai r nalysis of variance with the numbers of birds per
species or per guild as dependent variables, the recreation intensity
as factor and the edge variables as "«"»•*'•«•«covariates.
Species/guilds Covariate(s) % Mean Mean Probability
variance number in number in (F-test)
explained quiet af- busy af-
Species
Woodpigeon
Wren
Song Thrush
Blackbird
Rob in
Blackcap
Willow Warbler
Chiffchaff
Chaffinch
all passerines
Guilds
large species
small specie*
residents
summer birds
early breeders
late breeders
hole breeders
ground breeders
shrub breeders
tree breeders
* - significant
trench length
area •*•
trench length
edge area
edge area +
edge length
-
edge length
edge area
-
edge area
edge area
edge rea
edge rea
edge eng t h
edge rea
edge rea
edge rea
edge length
edge area
edge length
area
at the 5% level
by cova
58 1
71.4
46.4
72.6
-
34.4
61.4
-
39.5
66 4
70.8
61.7
70.9
63.8
72.6
64.1
54.5
56.7
61.8
72.2
2 . 06
5.95
4.07
2.77
5.43
3.42
12.05
5 28
5.39
51 .60
12.93
42.05
8.46
24.10
18 36
36.62
1.07
23.40
19.87
10.06
2 26
6.05
3.07
3.27
6.50
2.33
7.61
5.50
4.72
96.47
13.26
36.11
6.96
21.54
17.25
32.11
1.59
24.02
15.49
12.10
0 - 79O
0.929
0.880
0.173
0.534
0.123
0.091
0.855
0.731
0 490
0.858
0.360
0.175
0.475
0.681
0.371
0.369
0.878
0 038*
0.331
7.4.6. Concluslons and discussion
The results presented in the paragraphs 7.4.3. and 7.4.5. lead
to the following conclusions:
a. no significant differences were found in bird numbers between
busy and quiet parcels to indicate a negative effect of
recreation, except for the Willow Warbler ( almost) and the
guild of shrub breeders;
b. the busy and quiet parcels differed at least in some
characteristics concerning the edges of the parcels;
c. bird numbers in the parcels showed a high correlation with
some of these edge variables;
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d. the conclusion under a. was drawn taking into account the
effects of the edge variables upon the bird numbers, but
could not take into account other vegetation characteristics
of the parcels.
The most remarkable aspect of the results of the analyses is
that so few bird species or guilds of bird species showed a lower
number in busy parcels. Although it is possible that the
significant lower density of the Willow Warbler and the shrub
breeders in the busy parcels is the result of coincidence (if one
does 22 analyses on random data the chance is almost 68% of finding
at least one significant difference at the 5% significance level)
the cases where the density was lower can be interpreted as a
recreation effect. The shrub breeders are probably the species
that are most dependent on the edges along the paths which have a
well developed shrub layer. The susceptibility of the Willow Warbler
had previously been found by Wiehe (1973) and in chapter 4 but no
such susceptibility was found in chapter S. These findings make the
Willow Warbler an interesting object for further studies of
recreation effects.
The fact that we found few effects of recreation upon other
species could have the following reasons:
1. the recreation intensity in the busy parcels might have been
too low to have a measurable effect. Because other recreation
intensity parameters were used in other studies it is difficult
to compare the results and explore this explanation. The
results of the study in woods adjacent to urban areas
in chapter 4, however, seem to confirm this hypothesis;
2. the heterogeneity in the parcels could have been too great
and differences in the characteristics of the busy and quiet
parcels might have obscured the recreation impact. The
measurements of parcel edge parameters confirmed our suspicion
which grew during the study, that the parcels differed in
important characteristics. On the other hand, we could not
and cannot imagine a forest area in The Netherlands with a
greater uniformity and homogeneity than the chosen study
area perhaps with the exception of the pine-tree woods of The
Veluwe;
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3. the effect might have been present but did not lead to a
significant difference because the sample was too small. When
we started the study we had no estimate of the variance in
the bird densities nor of the order of magnitude of the
effect. Both figures must be known beforehand to enable one
to calculate a sufficient sample size. To take the Willow
Warbler as an example: the Standard deviation of the density
was 0.44; the density difference we found was 1.09-0.96= 0.13;
but to be able to prove that such a difference was not
coincidental (5% significance level) we would have needed
samples of n' = n2 = 352 parcels in both recreation intensity
classes (De Jonge 1964) •
4. we might have chosen the wrong impact parameter e.g. territory
density in stead of breeding success.
These considerations brought us to a point where we thought it
necessary to do some follow-up research to test some of these
possible explanations for the 1978 results.
7.5. Considerations leading to further research
The ambiguity of the results of the study in 1978 was not
satisfactory and we decided to do follow-up studies. The aim of
these follow-up studies was to enhance the chances of obtaining
unambiguous results. In other words, we had to try and answer some
of the questions posed above and measure the influence of factors
we had not measured in the 1978 study.
The afore mentioned factors can be divided into those belonging
to the dose parameters, those belonging to the effect parameters
or those belonging to the characteristics of the study area. We
called these latter characteristics condition variables, and the
edge variables, already included in the re-analysis of the
1978 data, belong to this group of condition variables. We shall
discuss these groups of variables individually below.
a. Dose variables-, in order to test whether a higher recreation
intensity than the one measured already would cause a
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measurable impact, recreation was experimentally intensified.
We called this a simulation experiment. This experiment is
described in par. 7.7.
Effect variables-, apart from our fear that the samples might
have been too small, we also suspected that occurring impacts
had not been measured as a result of the choice of the wrong
effect parameter. It was possible that some of the occupied
territories we used as an estimate of the number of breeding
pairs were abandoned after our counts or were not successful.
The average breeding success in the busy parcels might have
been much lower than that in the quiet parcels. Therefore we
used another observation and counting method that enabled us
to establish the breeding success of a species. Because this
method was much more laborious than the mapping method it
could not be done for all species. The Willow Warbler and
Wren were chosen for this study as a logical consequence of
the 1978 results (other motives are mentioned below). The
results of this study are dealt with in par. 7.8.
Condition variables: not only the edge variables of the busy
and guiet parcels but also other vegetation variables might
have differed between both classes . We chose the vegetation
structure as a factor known to influence the habitat selection
of breeding birds, and in 1979 a detailed survey of vegetation
structure was made. The results of this survey and the
analyses of the recreation-vegetation-density-complex are
presented below.
7.6. Vegetation and soil survey in 1979
7.6.1. Methods
In 1979 we did a vegetation survey of all the parcels studied in
1978, and also of the other parcels used in the samples of the
follow-up studies. In this paragraph we will deal with the methods
of the vegetation survey and the results of the homogeneity test
of the 1978 and 1979 parcels.
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We decided to sample variables of vegetation, soil, and parcel
dimensions (other than those known already).
Vegetation
The scale of the sample grid was chosen in such a way, that at
least one sample was drawn from within or near the smallest
territory. The smallest territories belonged to the Willow Warbler,
and these were sometimes 0.25 ha. Thus, a 50x50 m grid was laid
over the parcels and a sample point was chosen at random within
each grid cell. This resulted in an average of 35 sampling points
per parcel (minimum of 8 and maximum of 61) in the 1978 parcels.
At each sampling point a 7x7 m area was measured for certain
variables (Den Held & Den Held 1976). In each sample 6 layers of
vegetation were identified (figure 3): trees (the planted trees),
shrubs (all young trees and shrubs), high herbs (herbs higher than
25 cm), low herbs, moss and dead organic material. For each layer
the following dimensions were measured (if possible): inner and
outer coverage (figure 4), the height of the canopy top and canopy
canoov top tree layer
canopy botlom tree layer -
top high layer ot herbs
bottom high layer ot rierbs
dead organic malenal r
top shrub layer
bottom shrub layer
_lop low tayer ot herbs
-bottom low layer of herbs
. moss layer
MM
Figure 4. The vegetation layers described in the 1979 vegetation
survey.
Figure 5. Schematic representation of inner and outer coverage
of a vegetation layer.
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bottom, the most abundant plant species present and their coverage.
Coverage was measured in a five-class interval scale (<5%, 5-25%,
25-540%, 50-75% and 75-100%). The samples were taken in the period
of June to August 1979 when all vegetation layers were well
developed. The shrub strips that differed strongly from the rest
of the parcels were excluded from the sampling and from further
analyses.
Soil
The following soil parameters were taken (Vis 1971): soil type,
soil profile type, lowest summer groundwater level and amount of
percolation water. The area of each soil variable value or type
within a grid cell was used as a parameter dimension.
Dimensions of parcels
In 1979 the 5 edge variables already described were measured too
(see paragraph 7.4.4).
Moreover we measured parcel depth (distance between parcel path
and parcel edge), because this distance differed between the
parcels and it is known (Van der Zande et al. 1980a) that the
influence of disturbance might decrease with increasing distance
from the parcel path. Mean depth was measured as follows: a grid
of 1x1 cm was laid obliquely over a parcel map (1:2000) and the
mean distance between the intersections of the grid and the parcel
path was calculated.
All this resulted in a list of 47 condition variables (listed in
the appendix A).
7.6.2. Results
The results of the survey have been described in Don (Student
Report: 1980).
- 179 -
All variables were first tested for normality. Most variables were
not distributed significantly differently to a normal distribution
(p<0.05, Kolmogorov-Smirnov-test). The differences in value of the
variables were tested between the busy and quiet parcels of 1978
(excluding the differing shrub-rich edges) using Student's t-test
or Mann-Whitney U-tests.
The result was that in none of the variables a significant
difference was found between busy and quiet parcels. This implies
that an important assumption of the 1978 study was correct when
the special shrub rich edges are excluded. The samples of busy and
quiet parcels can be considered as equivalent as far as vegetation
structures are concerned.
The same tests were done for the parcels used in the 1979
studies. In this case only one vegetation variable and one soil
variable seemed to differ between busy and quiet parcels,- the
height of the canopy top (p=0.050) and the percentage of a sandy
soil profile type (p=0.004). However, neither of these variables
correlated significantly with the numbers of the birds examined.
This implies that the ceteris paribus assumption is also met for
the 1979 studies, in which some other parcels are used (see
figures 3 and 6).
We conclude here that the samples of busy and quiet parcels in
1979 do not differ significantly in a large number of condition
variables and can be regarded as equal. Although the mean area and
mean edge length of the busy and quiet parcels do not differ
significantly (except in 1978), we preferred to work with densities
as well as edge densities (numbers divided by edge length) as
effect parameters. These parameters may be compared directly and
are widely used to facilitate the reader's comprehension of the
figures. Because we suspected that the variability of the parcel
vegetation might be measurable on another scale we divided the
15 parcels in 69 subunits sum total. The size of the subunits was
chosen as a compromise between our wish to have as large a sample
as possible on the one hand and the need to have sufficient bird
numbers per subunit on the other hand.
All condition variables were calculated for the subunits and
tested for normality. The test between the busy and quiet subunits
yielded a lot more significant differences. This meant that an
analysis between recreation intensity and bird density on the
subunit leve! must take account of the condition variables that
differ between both samples.
7.6.3. Conclusions
It can be concluded that the groups of busy parcels and quiet
parcels did not differ significantly as far as the condition
variables were concerned. The suspicion expressed earlier that
both recreation intensity classes differed in aspects other than
recreation and other than the differences in edge variables
already known, proved to be incorrect, at least on the parcel
level.
This conclusion implies that it is more likely that the
differences found in bird numbers between the busy and quiet
parcels can be interpreted as a recreation effect.
7.7. Simulation experiment in 1979
7.7.1. Methods
First we selected a number (15) of poplar parcels that were
known to be quiet from the visitor counts in 1978. The choice to
experiment with quiet parcels only was motivated by the arguement
that a mixture of spontanuous and simulated recreation activities
would lead to interpretation problems. This sample of parcels was
divided in two: one half (8) to remain quiet and one half (7) on
which we simulated a certain recreation intensity (see figure 6).
We realized that we could not simultaneously count birds and
simulate visitors. This meant that we had to opt for a short
intense stimulus over a limited period. Because we intended to
concentrate our follow-up studies on the Willow Warbler we decided
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Map of De Abbert,
Revebos & Roggebotzand
1979 study plots
control plots
experiment plots
Figure 6. Map of the experiment and control parcels of the 1979
experiment.
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to simulate a high recreation intensity in the settling period of
this species. This period was known from observations made in the
previous year and we chose the period froro 2 to 20 April.
Recreation was simulated on the weekdays (in all, 13 simulation
days) with 2 quiet weekend days. Each simulation day from 9.00 h.
until c. 17.00 h. (normally the busiest period of recreation),
volunteers walked up and down the parcel paths, alone and in small
groups (of 2 or 3 persons). Dogs were brought along at the same
frequency as with normal visitors and the volunteers behaved like
normal visitors. Each day a total of 80 persons walked along a
parcel path (sometimes the same person walked along the path
80 times), simulating normal recreation behaviour as was known
from the visitor counts. This figure was chosen because a study in
a dune area in 1977-1978 had suggested that an increase in
recreation intensity from an average of 25 groups to an average of
60 groups (between 9.00 h. and 17.00 h.) had a significant effect
upon the density of the Willow Warbler (Student Reports: Wanders
1983). A greater stimulus was not possible, given the number of
volunteers.
To serve as effect parameters for the analysis we chose the
densities of 5 species: the Willow Warbler, Wren, Blackcap, Robin
and Chiffchaff.
The special observation method we used for the Willow Warbler
(paragraph 7.8.) enabled us to discriminate between early and late
arriving territory owners. Late-arriving owners arrived after
April 20 and early ones before this date. For analyses the early
Willow. Warblers were used because the late ones could not possibly
have been influenced by our simulations (assuming they were not
present before a territory was occupied). The distinction between
late and early territory owners enabled another effect parameter
to be used. By assuming that the males arriving after the
simulation had ended, occupied the remaining vacant places, we
could use the quotiënt between the number of early Willow Warblers
and the total number of Willow Warblers as an effect parameter. If
the simulated recreation intensity had a negative effect upon
settlement this quotiënt would have been lower in the busy parcels.
An effect parameter which we also used for the Willow Warbler
was the distance from the territory centre (for definition see
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paragraph 7.4.2.2.) to the parcel path. A quotiënt between the
mean distance of early Willow Warblers and the mean distance of
all Willow Warblers was calculated for each parcel.
7.7.2. Results
The differences in effect parameters were tested between the
group of busy and quiet parcels and the results of these tests are
shown in table 8. In view of the importance of the edge length we
have presented test results on parcel densities as well as parcel
edge densities for the Chiffchaff, Blackcap and Willow Warbler.
The density of the Blackcap was significantly lower in the busy
parcels. The edge density of the Blackcap and both types of
densities of the Chiffchaff were almost significantly lower in the
busy parcels. However, though the Chiffchaff was present in the
study area during the simulation, the presence of the Blackcap was
doubtfui. Only a few male Blackcaps were noticed displaying
territory behaviour during the simulation period and it is
well-known that also temporary present migrants of this species
display this behaviour.
Table 8. Differences in density and edge density of some species in the
experiment and control parcels of the 1979 simulation experiment.
Effect parameter
density Chiffchaff
edge density Chiffchaff
density Blackcap
edge density Blackcap
density Robin
density Wren
density early Willow
Warbler
edge density early Willow
Warbler
quotiënt early/all
Willow Warbler
distance early Willow
Warbler
distance quotiënt early/
all Willow Warbler
Mean value in
control parcels
0.70
0.0025
0.44
0.0016
0.37
0.18
0.43
0.0015
0.57
62.23
1.25
Mean value in
experiment parcels
0.39
0.0015
0.20
0.0008
0.43
0.13
0.33
0.0012
0.45
50.73
0.92
Probability
(t-test)
0.063
0.096
0.046*
0.069
0.780
0.401
0.485
0.586
0.439
0.357
0.130
* significant at the 5% level
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Analysis at subunit level
An analysis at subunit level was done because we expected that
variability in condition variables could be controlled better and
dose-effect relations might be clearer. Because all species except
for the Willow Warbler were present in too low numbers we only
used that species for analysis.
A stepwise regression analysis was done with the different Willow
Warbler parameters as dependent variables and the vegetation para-
meters as independent variables. This yielded zero to three variables
that contributed significantly to the variance of the Willow Warbler
effect parameters (see table 9). We checked the residuals for
normality, to be sure that the assumption of a normal distribution
had not been violated. Next we did an analysis of variance (ANOVA)
on the same Willow Warbler variables, with recreation intensity as
factor and the selected vegetation parameters as covariates. The
results of this ANOVA are shown in table 9. The three density
parameters (early, edge early and quotiënt) and the two distance
parameters (early and quotiënt) showed a lower mean value in the
control parcels. However, none of the differences were significant.
Table 9 Results of an analysis of variance uith some estimates of Willow Warbler
density as dependent variables, the selected vegetation parameters on
the subunit level as covariates, and experiment class as factor.
Dependent variable Covariates % Mean value Mean value Probab-
variance in control in experi- ility
explained after cor- ment after (F-test)
rection correction
density early
Willow Warbler ICLH, CSN, HTTR 26.6
edge density early
Willow Warbler CSN, CLG, HTTR 29.0
quotiënt early/all
Willow Warbler OCDM 14.6
distance early
Willow Warbler
distance quotiënt
early/all Willow
Warbler HTTR, EL 68.0
0.30
1.44
0.42
40.47
0.83
0.33
1.58
0.44
55.53
0.91
0.782
0.792
0 825
0.164
0.708
ICLH = inner coverage of low herbs
CSN = coverage Stinging Nettle (Urtica dioica)
HTTR = height of canopy top of trees
OCDM = outer coverage of dead material
EL = edge length
CLG = coverage of low grasses
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7.7.3. Conclusions
The Blackcap and probably the Chiffchaff occured in lower
numbers in the parcels where recreation was simulated. Whether
this difference can be attributed to the simulated stimulus
depends on the unknown interval between the arrival of the
Blackcap in the study area and the start of its singing, which is
known frora the counting.
As far as the Willow Warbler, Wren and Robin are concerned, we
must conclude that no significant differences between busy and
quiet parcels were found. The distance from the territory centre
of the Willow Warbler to the parcel path was not significantly
different in both classes. These conclusions held true when we
corrected for the influence of vegetation differences. The
conclusions of the 1979 experiment did not confirm the conclusions
concerning the Willow Warbler as were found in the 1978 transverse
study.
7.8. Recreation and breeding success
7.8.1. Methods
The most current breeding bird counting method in Western Europe,
the mapping method, does not yield information about the breeding
success of the territory owners. Recreation may not influence the
settling of birds but may only influence breeding success and
therefore we searched for a method to measure breeding success.
Methods involving intensive searching for nests and nest control
were discarded. We developed a method based upon observing the
territory owner from a "safe" distance (Willis 1973 and Deckert
1980).
The method we used can be considered as a synthesis between the
mapping method and the method of recording bird behaviour that is
used in ethological studies. The observer makes some mapping
method observations at the beginning of the season to obtain an
impression of the locations of the territories. When these
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locations are known, at least two longer visits are paid to each
territory, one in the settling phase of the first breeding cycle
and one in the phase of feeding the young birds. During these
longer visits the observer chooses a position from which hè can
survey the territory owner or owners, preferably without disturbing
its or their behaviour. From this position the location and
behaviour type are noted on a map. The presence of a mate,
neighbour, nest or young are also noted. Observation periods of
this kind generally take 15-20 minutes. When control visits are
paid to a territory ovmer and hè cannot be found again this site
is visited several times later to confirm that the territory-owner
has left. In the phase of feeding the young extra attention is
paid to territory owners, who do not appear to be feeding young. A
bonus resulting from these observations is that neighbouring
territories are easily discovered and can be observed later.
The special reasons for selecting the Willow Warbler for this
study, apart from those already given were:
its strong territoriality and easily recognizable song;
its breeding and feeding behaviour low or on the ground,
which makes it easy to follow
The second species chosen for this method was the Chaffinch, but
the observation method appeared to be unfeasible (Student Reports:
De Waard 1980). The Chaffinch is not easy to find in the crowns
and is easily lost when the territory owner moves between singing
posts that lie far apart.
The third species chosen was the Wren. Although the territory of
the Wren is large and the territory owner often disappears from
sight, its singing is so loud and clear that the territory owner
can be located by sound alone. The behaviour of parents and young
is so conspicuous that it is very easy to establish the Wren's
breeding success. In contrast with the Willow Warbler it is not
easy to find the nest by means of observation from a distance and
this was not attempted. The special observation method yielded the
following additional effect parameters:
number of paired Willow Warblers (female present);
number of successful Willow Warblers (feeding observed);
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nest-sites of the Willow Warbler (± l m);
number of successful Wrens (young present);
number of fledglings of the Wren.
These effect parameters were measured in the experimental and
control parcels of the simulation experiment. The analysis of the
relation between recreation intensity and these breeding success
parameters was done at the parcel level as well as at the subunit
level.
7.8.2. Results
The results of the analyses on the parcel level and subunit level
are shown in table 10, where the average effect parameter values
after correction of the experiment and control parcels are given
together with the test results (Student's t-test and analysis of
variance). None of the differences between experiment and control
parcels were significant. The quotiënt of early successful Willow
Warblers and all successful Willow Warblers was almost significantly
lower in quiet subunits compared with the busy subunits (after
correction for the influences of differences in vegetation), as
can be seen in table lOb.
7.8.3. Conclusions
No effect of the simulation could be found on the breeding
success of Willow Warbler and Wren. No effect of the simulation
could be found on the average nest distance of the Willow Warbler
to the parcel paths. Perhaps the assumption does not hold true
that all factors other than recreation intensity possibly
influencing breeding success are equal between the experimental
and control plots, such as predation pressure and food abundancy.
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Table 10. Results of breeding success of Willow Warbler and Wren in experiment
and control parcels (A) and results of an analysis of variance using
breeding success as dependent variable, vegetation parameters on the
subunit level as covariates and experiment class as factor (B).
Effect variables Mean value in Mean value in Probability
control parcels experiment parcels (t-test)
Willow Warbler
% paired of early
settlers
% successful of
early settlers
quotiënt early
paired/all paired
quotiënt early
successful/all
successful
quotiënt nest
distance/average
distance
Wren
% successful
relative number
of fledglings
mean number of
fledglings
B
Dependent variable
Willow Warbler
% paired of
early settlers
% succesful of
early settlers
quotiënt early
paired/all paired
quotiënt early
successful/all
successful
nest distance
quotiënt nest
distance/average
distance
CHT = coverage of
74.5% 79.4%
68.8% 79.4%
0.60 0.43
0.58 0.45
52 , 8 m 52 , 5 m
1.03 0.84
75.0% 43.3%
4.88 2.55
6.29 6.00
Covariate % explained Mean value
in control
after cor-
rection
74%
69%
CHT 30.3 0.36
CHT 35.6 0.33
38.96
0.89
Horse Tails (Equisetum spp.)
0.622
0.541
0.332
0.434
0 . 981
0.382
0.192
0.163
0.753
Mean value
in experi-
ment after
correction
71%
70%
0.51
0.60
52.16
1.11
Proba-
bility
(t-test)
0.857
0.942
0.354
0.099
0.342
0.523
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7.9. General conclusions and discussion
The result of the preceding sections can be summarized as
follows: although we found an almost significant lower number of
Willow Warblers in busy parcels in 1978, we did not find a
comparable effect of a recreation simulation on the numbers of the
same species in 1979, nor a negative effect of this simulation
upon the average nest distance from the parcel paths or upon the
breeding success.
We found a lower density of the shrub breeders in 1978 and the
recreation simulation in 1979 yielded lower densities for the
Blackcap and possibly for the Chiffchaff in the busy parcels.
Before we discuss the interpretation of these findings we must
review possible biasing factors. Biasing factors could have
occurred during counting and sampling or resulted from errors made
during analysis.
Although it is known that the mapping method is not perfect
(Berthold 1976) we do not believe that systematic errors in bird
counting influenced the results. Many counting visits were used to
improve the accuracy of our bird counts. This large number of bird
counts might obscure possible impacts because the observer impact
might dominate over the visitor impact. However, the path lay-out
of the study plots enabled efficiënt counting without disturbing
and alarming the territory owners.
A shortcoming of the simulation experiment was that we did not
have the manpower to continue counting the numbers of the Willow
Warbler (special method) and the mapping of other species while
simultaneously simulating the required recreation intensity.
The vegetation survey was made in a season suitable for that kind
of work but migrating species settle long before that period and it
is impossible to be certain that the differences found in
vegetation characteristics were the same as those that are relevant
for birds. It is very improbable that those differences were the
same.
The recreation intensity in the busy parcels was low on average
but the recreation intensity we simulated in 1979 was for a short
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period and we have changed a permanent low dose for a short high
dose. The effects of both kinds of doses will be completely
different.In other words, the simulation experiment was not a
perfect test for the results and conclusions of the 1978 transverse
study. In 1978 and in 1979 we had to face the problem that the
samples were of such an order of magnitude that it was difficult
to prove the existence of slight effects. However, larger samples
are only possible when more than two bird counters are available.
The results of the vegetation survey and of the re-analysis of
the 1978 data are encouraging because no significant differences
could be found between the busy and quiet parcels.
Therefore we conclude that the differences in density found
between the busy and quiet parcels in 1978 for the Willow Warbler
and the shrub breeders, strongly indicate that recreation has an
impact upon these species. In spite of the above-mentioned
shortcomings of the simulation in 1979 these conclusions were
confirmed for the Blackcap and Chiffchaff (both species breed on
or near the ground).
7.10. Applicability and further study
An important achievement of the recreation impact study in
Oostelijk Flevoland can be found in impact study methodology. Our
aim was to find a study area with a homogeneous vegetation
structure so that busy and quiet plots could be sampled and
differences in bird densities could be interpreted as recreation
impacts.
Although the forests of Oostelijk Flevoland are among the most
uniform forest habitats in The Netherlands this aim could not be
fully met. The edges of otherwise very similar parcels often
differed greatly. This means that the laboratory approach as a
strategy to exclude the variability of other factors (Ward 1978)
cannot be successful in field conditions in Dutch forests for this
type of impact research. Thus, it is always necessary to sample
the most relevant condition variables too, such as the vegetation
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structure. The sophisticated vegetation survey method, as developed
by Don (Student Reports: Don 1980) did not dramatically improve the
possibilities for correcting for differences in vegetation. A
simpler method, measuring only edge variables and some foliage
density variables, would have been sufficient. The obligation to
sample condition variables in order to be able to correct for
their influence also made it necessary to sample larger areas.
Another disadvantage of the laboratory approach is the paucity
of bird species present in large numbers that can be found in
uniform habitats. This implies that the demand for a sufficiently
large number of plots can be met for only a few bird species and
these species might not be the species one is interested in. If
one wants to study the impact of recreation upon bird species in
more heterogeneous habitats, the laboratory approach will probably
fail.
This study has also shown that simulation experiments sitnilar to
those that have been used successfully in recreation impact
studies upon vegetation (Liddle 1973, Boomsma & Van der Ploeg
1976, Blom 1979) will not be successful for birds unless one is
able to count birds concurrently with the recreation simulation.
It is also very difficult (or expensive) to assemble enough people
to simulate recreation over a large area and for a long period.
However, at the ethological level (disturbance of bird behaviour)
this type of simulation experiment can yield valuable results
(see, e.g. Greig-Smith 1980).
Another methodological result of this study is the method
developed for measuring breeding success without an intensive
search for nests and regular control of the nests. The territory
maps that can be constructed using the 15-20 minute observations
also enable each territory to be precisely located. This is
important because the distance over which disturbance operates in
wooded situations might be small: perhaps disturbance results in a
strip of only tens of metres wide being avoided by the birds. The
conventional counting methods do not yield information at such a
detailed level. Thus we believe that this method could be useful
for further research on recreation impacts, especially if one is
interested in slight shifts of territories or in impacts upon
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breeding success. The method was feasible for Willow Warbler, Wren
and Icterine Warbler, Hippolais icterina (Stddents Report: Vos
1982). However, for the Dunnock (Prunella modularis), Garden
Warbler (Sylvia borin) and Chaffinch it was not feasible,- this
implies that a pilot study is necessary whenever one wants to use
the metliod for other species. '
The results have limited applicability for management. The
negative impact upon the Willow Warbler and the shrub breeders
seems to be consistent, regardless of the influence of other
factors. This implies that in an area such as the woods in
Oostelijk Flevoland with an average yearly visitor intensity of
180 visitors per ha one has to expect recreation impacts upon
densities of certain bird species. However, one can only take this
result into account if the range of recreation intensities over
which the effect occurs and the distance over which disturbance
operates are known. Further study is needed to reveal that
information.
The influence of other factors upon bird densities such as edge
differences seems large compared with the recreation impact. This
means that a site manager can reduce the negative recreation
impacts to a great extent by a management regime that is aimed at
maximizing the bird diversity and density.
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Appendix A
A LIST OF CONDITION VARIABLES
1. Area (A)
2. Edge area (EA)*
3. Edge length (EL)
4. Edge heterogeneity (EH)*
5. Area of shrub strips (AS)*
6. Trench length (TL)
7. Parcel depth
8. Path length
9. Outer coverage of trees
10. Outer coverage of shrubs
11. Inner coverage of shrubs
12. Outer coverage of high shrubs
13. Inner coverage of high herbs
14. Outer coverage of low herbs
15. Inner coverage of low herbs (ICLH)
16. Outer coverage of moss
17. Outer coverage of dead material (OCDM)
18. Outer coverége of branches
19. Height of canopy top of trees (HTTR)
20. Height of canopy bottom of trees
21. Height of top shrub layer
22. Height of bottom shrub layer
23. Height of top of high layer of herbs (HTHH)
24. Height of top of low layer of herbs
25. Height of top of dead branches
26. Coverage of Alder (Alinus spp.)
27. Coverage of Ash (Fraxinus spp.)
28. Coverage of Maple (Acer spp.)
29. Coverage of young Poplar (Populus spp.)
30. Coverage of Hazel or Hornbearo (Corylus spp. or Carpimis spp.)
31. Coverage of other shrubs
32. Coverage of high grasses (Gramineae)
33. Coverage of Reed (Phragmites spp.)
34. Coverage of Stinging Nettle CUrtica dioica) (CSN)
35. Coverage of Horse Tail (Equisetum spp.) (CHT)
36. Coverage of Black Berry (Rubus spp.)
37. Coverage of Hemp Agramony (Eupatorium spp.)
38. Coverage of Cleavers (Galium spp.)
39. Coverage of Thistles (Carduus spp.)
40. Coverage of other herbs
41. Coverage of low grasses (Grarainae) (CLG)
42. Coverage of sandy soil
43. Type of sandy soil
44. Coverage of sandy profile
45. Lowest sununer groundwater level
46. Highest winter groundwater level
47. Percolation
* Not used in 1979.
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Appendix B
GUILDS OF BIRD SPECIES OCCUPYING AT LEAST ONE TERRITORY IN THE 1978 QUIET AND
BUSY PARCELS
Species
Ma Hard
Buzzard
Kestrel
Woodpigeon
Long-eared Owl
Great Spotted Wood-
pecker
Wren
Dunnock
Histle Thrush
Song Thrush
Blackbird
Nightingale
Rob in
Icterine Warbler
Blackcap
Garden Warbler
Whitethroat
Lesser Whitethroat
Willow Warbler
Chiffchaff
Goldcrest
Great Tit
Blue Tit
Willow Tit
Hawfinch
Siskin
Linnet
Chaffinch
Golden Oriole
Carrion Crow
Jay
Number of species
Number of territories
N
25
1
S
28
3
3
78
9
9
52
39
1
77
8
38
11
3
4
130
70
1
8
3
3
1
1
1
66
17
10
3
31
708
Size
L
X
X
X
X
X
X
X
X
X
X
X
X
12
195
Migration
S R
X X
X X
X
X
X
X
X
X
X
X
X
X
X X
X X
X X
X
X
X
X
19 5
513 101
NR
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
26
607
Breeding Nesting
E
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
15
260
L H
X X
X
X
X
X
X
X
X
X
X
X
X
X X
X X
X
X
X
16 4
448 17
G S T
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
7 8 12
317 229 145
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8.1. Abstract
In this chapter I try to answer four questions, using the
results of the preceding chapters.
1. Has outdoor recreation been proven to have significant impacts
upon densities and breeding success of birds?
2. Which recreation intensities cause the significant impacts
found?
3. What insights have been gained about the dose-effect relation-
ships?
4. What insights have been achieved about strategies and methods
of disturbance research?
The applicability of the results for planning and management is
discussed and the necessity for further research is translated
into recommendations for further research.
In the various studies 24 bird species were examined, using
statistical tests to analyse the results. These species can be
divided in three classes:
a. species on whose densities outdoor recreation was found to
have a clear impact: Kestrel (Falco tinmmculus), Curlew
(Wumenius arquata), Turtle Dove (Streptopelia turtur), Garden
Warbler (Sylvia borin) and Blackcap (Sylvia atricapilla);
b. species on whose densities indications of an impact of outdoor
recreation were found: Woodpigeon (Columba palumbus), Wren
(Troglodytes troglodytes), Dunnock (Prunella modularis), Song
Thrush (Turdus philomelos), Wheatear (Oenanthe oenanthe),
Whinchat (Saxicola rubetra), Icterine Warbler (Hippolais
icterina), Lesser Whitethroat (Sylvia curruca), Willow Warbler
(Phylloscopus trochilus) and Chiffchaff (Phylloscopus
collybita);
c. species on whose densities no impact of outdoor recreation was
found: Woodcock (Scolopax rusticola), Collared Turtle Dove
(Streptopelia decacoto), Green Woodpecker (Picus viridis),
Woodlark (Lullula arborea), Blackbird (Turdus meruia),
Stonechat (Saxicola torquata), Robin (Erithacus rubecula),
Great Tit (Parus major) and Chaffinch (Fringilla coelebs).
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Horeover, recreation was found to have a significant impact upon
the density of shrub breeders.
Only in the case the Kestrel was a significant negative
correlation found between recreation intensity and breeding success.
It is concluded that in general significant negative impacts of
pedestrians upon the densities and breeding success of some bird
species breeding in dune and forest areas have been proved.
These results are discussed for each species and compared with
the scarce research results of other authors: general agreement was
found, except in the case of the Robin and the Blackcap. Some
agreement was also found between the susceptibility of the 24 bird
species and their Hounsome index and Nuorteva's synanthropy index.
An overall figure for number of visitors per ha per year was
calculated for each study area so that the recreation intensities
that caused significant disturbances could be compared. It was
necessary to make some questionable assumptions and therefore the
figures can only be regarded as indicating an order of magnitude.
It appeared that the species suffering significant impacts can
be found in two recreation intensity ranges:
in the range between 200-1,000 visitors per ha per year
significant impacts were found for Kestrel, Wheatear, Whinchat
and Lesser Whitethroat;
in the range between 1,000-5,000 visitors per ha per year
significant impacts were found for Turtle Dove, Garden Warbler
and Blackcap.
Mutatis mutandis, and using information of other authors, bird
species can be grouped according to disturbance distance:
1,000-2,000 m: Lapwing (Vanellus vanellus) and Blacktailed
Godwit (Limosa liiaosa) ;
100-1,000 m: Red Grouse (Lagropus lagopus), Hazel Grouse
(Tetrastus bonasia), Black Grouse (Lyrurus tetrix),
Capercaillie (Tetrao urogallus) and Curlew;
50-100 m: Buzzard (Buteo buteo) and Kestrel;
0-50 m: Turtle Dove, Garden Warbler and Blackcap.
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Both recreation intensity and disturbance distance were used as
axes in figure l of chapter 8. This figure is meant to incite
ecologists to further research.
As far as the dose-effect relationships are concerned (question
3), the results could bc used to test 8 of the 12 hypotheses
mentioned in chapter 1. Important conclusions are:
the general validity of the peak-day hypothesis must be
rejected (weak-day intensities rather than peak-day
intensities were found to correlate well with bird densities);
slight support was found for the synchronousness and sympatry
hypothesis (the synchronic and sympatric occurrence of
breeding with high recreation intensities enhances the chance
of the birds being disturbed) ,-
strong support was found for the hypothesis of a logarithmic
relation (disturbance increases with the logarithm of
recreation intensity);
s om e support was found for the food-hypothesis (disturbance
is greater when food is scarce).
The insights gained into the strategy and methodology of
disturbance research are:
a research design that assumes that all other factors but
recreation intensity are equal is not feasible in The
Netherlands;
experiments in which visitors are simulated are only feasible
using bird behaviour as effect variable, but are hardly
feasible on the level of breeding densities and breeding
success;
a study of the relationships between recreation intensity and
bird density requires such large samples of bird territories
that one observer alone cannot collect them and the best
results can be reached by analysing large data banks (supplied
by a team of bird counters);
nest-boxes are useful to study disturbance distances while
minimizing disturbance by the observer;
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it is not only necessary to measure the numbers of visitors
at a sufficiently detailed scale; the type of visitor must
also be measured at the same detailed scale.
The applicability of the results of the study project are
discussed using a model of "rational planning and management". It
suggested that rational planning and management are not only
hampered by the lack of knowledge but also by the lack of clear
directives about which natural aspects and parameters should be
measured to assess whether a management goal has been reached.
Recommendations for planners and managers are summarized in
8 items.
Further study should concentrate upon obtaining more details
about the recreation intensity ranges that cause significant
disturbances to the various bird species. Similar details are
needed about the type of visitors that cause the disturbances and
the disturbance distances. A warning is given to be aware of
impacts that remain concealed because Standard techniques for
measuring visitors and birds are used.
8.1. Introduction
In the preceding chapters the results of some studies that were
done between 1976 and 1980 were described. In an attempt to find
the best areas and best species for a recreation impact study, I
tried a number of methods and study areas.
A. Different habitats, with different conditions for visitors
and for birds. The habitats I worked in ranged from open dune
areas to wooded areas (plantations).
B- Different recreation intensities. I worked with small
differences between busy and quiet areas in Oostelijk
Flevoland and a low absolute intensity in the busy areas,
whereas in the woods adjacent to urban residential areas
these differences were large and the maximum recreation
intensities were very high.
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C. Different bird species. Only Falco tinnunculus and the eight
species in the dune areas were well-considered choices. The
choice of the species studied in the wooded areas (Oostelijk
Flevoland, Laakse Strand and adjacent to urban residential
areas) was determined by the choice of the study area rather
than the choice of the bird species.
D. Different study designs. Transverse study designs were used
in the dune areas, in Oostelijk Flevoland and in the woods
adjacent to urban residential areas and longitudinal and
experimental study designs were used in the Laakse Strand and
also in Oostelijk Flevoland.
E. Different study strategies (see also 1.3.2.3.). Thus on the
one hand the study of the dune areas involved a very large
sample and a randomization approach, whereas the Oostelijk
Flevoland studies used a laboratory approach.
The studies were partly deliberately planned and partly a result
of trial-and-error, because some studies failed and were followed
by other studies, that were meant to be improvements. Not all the
studies undertaken as part of the study project were presented in
the preceding chapters. The following dune area studies were not
presented: Prins (1980), Van Brussel (1981), Wanders (1983),
Zandvliet (1981) and Kip & Van Welzen (1982). These studies
produced ambiguous results, because a major problem appeared to be
the small samples of territories per bird species and the
heterogeneity of the dune areas, which made it necessary to split
the samples into even smaller subsamples. Several attempts were
made to solve this problem, including the use of an experimental
design with a control area, but each time it appeared to be
impossible to draw reliable conclusions.
Studies in Oostelijk Flevoland not presented in this thesis were
those made by Zegwaard (1979) and Ebskamp & Van der Salm (1983).
These studies aimed at studying the nest-site preference of
Ficedula hypoleuca, by using 300 nest boxes in various sites
analogous to the methods used for ïalco tinnunculus. Although
earlier studies by Van Dalen (1972-1978) had shown that there was
a population of Ficedula hypoleuca in the Oostelijk Flevoland
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plantations, no nest-boxes were occupied by this species. Analyses
had to concentrate upon Parus major and Parus caeru2eus, and no
recreation impacts could be found upon their nest-site preference
(see also Van der Zande & Ter Keurs 1981).
In this chapter I will attempt to synthesize the results and
insights of the preceding chapters. The following questions will
be dealt with:
were significant impacts of pedestrian recreation found upon
bird densities and breeding success, for which species and
for which species not (8.3.)?
what recreation intensities caused these impacts (8.4.)?
what was discovered about the dose-effect relationships and
which hypotheses were supported (8.5.)?
what insights were obtained into methods of disturbance
research (8.6.)?
This chapter finally discusses the applicability of the results
of the study project in planning and management (8.7.) and
concludes with some recommendations for further disturbance
research (8.8.).
8.3. Significant impacts of outdoor recreation upon birds
The bird species studied can be divided into three categories
using the impacts of recreation upon their densities as criteria.
In the first category are the species for which a clear and
significant impact was found. In the second category is the group
of species for which some indications of a negative impact were
found (in at least one of the studies). The third category
comprises the species for which no negative impact of recreation
was found, (and in some cases the impact was even found to be
positive). The absence of a negative impact in this category is
generally not the result of the sample being too small, because
bird species that provided a too small sample were excluded frora
the various studies. This classification ha s its limitations which
are due to the limitations of the various studies.
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In all, 24 bird species of dune and forest areas were studied in
detail, their numbers were analysed and density differences were
statistically tested. In the various studies some species that had
been counted were subsequently excluded from analysis because their
number was so low (e.g. less than 15) that it was clear that no
reliable conclusion could be drawn.
In table l the species are shown and classified according to
their category using the following symbols:
+ significant negative impacts ,-
± indications of a negative impact;
the clear absence of a negative impact.
Table l A •UMMry of the results of th« several studies, with bird species assigned to one of three duturbince
categorie!
hapter II IV1)
•bit* t : dune dec iduou*
•HF: 1978 1980
wc i* t
. Fmlco tinnunculuj3 )
ffuMnius arguafa >
Scolopmx ruxticol*
. Coïimb» palusflbus +
. 5tr«ptop*J lm turtur *
- strwptop*./ 1« d+cmocto
Picuj viridis
. Lullul* arbor«*
. Troglodytia troglodytta
- Pnmtll* modulmri»
TUrdu» philomtlo* +
rurdus m»rul»
Oonmntha o*n*nth* t
. Stjcicol* torquMtM
Smxicol* rub+tr* ±
Enthrmcua rubocul*
HippolMit ict«nna
Sylvit ttncmpilla t
Sylvi* borin +
0 Sylvi* curruc» 1
1 Phyllotcopua trochilus *
2 Phyllomcopu* colli/bit* t
3 Parus major
4. Fringill» co«J«bs
IV 1) V VII VII Tot«l3)
coniferouB deciduous d«ciduous coniferous
1980 1980 1978 1979
*
+
± 1 1
± +
-
-
-
* ± t
l t
+ t t
-
t
-
t
t
t t
t ± » »
+ + +
t 1
t •* ±
+ t t l
-
v ree r** t ion in tent i tv
indication» of di»turb*nc*
no ditturbar.ee
2) Queitionnaire 1980
3 ) + no - and at least one +
l both » and - or only l
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Significant negative impacts were found for Falco tinnuncu2us,
Numenius arquata, Streptopelia turtur, Sylvia borin and Sylvia
atricapilla.
No negative impact was found for Scolopax rusticola, Streptopelia
decaocto, Picus viridis, Lullula arborea, Turdus meruia, Saxicola
torquata, Erithacus mbecula. Parus major and Fringilla coelebs.
(Sometimes, indeed, the impact found seemed to be positive!)
The other 10 species belong to the middle category (±) for which
indications of a negative impact were found.
In chapter 5 a significant negative correlation was found between
recreation intensity and the population developments of a sample of
12 passerine species.
In chapter 7 a significant negative correlation was also found
between recreation intensity and the density of a guild of shrub
breeders.
A negative impact of outdoor recreation upon breeding success was
only found for Falco tirmunculus, and not for Troglodytes
troglodytes or Phylloscopus trochilus.
A general conclusion, therefore, is that significant negative
impacts of pedestrians upon the densities and breeding success
of only a limited number of bird species breeding in dune and
forest areas have been established.
It is difficult to compare these results with the results of
other researchers because only a few of the 24 species have been
the object of other disturbance research. In spite of this, one
can find statements in literature concerning the impacts of
recreation upon certain bird species. I will now discuss each
species individually, using the results obtained by Cooke (1980),
Bakker et al. (1978), Saris (1976) and Wiehe (1973), and the
contributions of several authors to "Atlas van de Nederlandse
Broedvogels" and "Randstad en broedvogels". (Vogelwerkgroep
Avifauna West-Nederland 1981). Not all the authors I refer to have
based their judgements upon reliable studies. Only the authors
mentioned in table 2 have tried to do so.
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Falco tinnunculus. A preference of this species for nest sites
far from human activities had previously been found by Versluis &
Verhoeven (1978). They found a slight preference for nest-boxes
more than 100 m from residential areas. In other studies on this
species I found no mention of disturbance.
Numenius arquata. The Curlew has been mentioned as a species
susceptible to disturbance in the past. Thijsse (1903) in his
famous book "Het Vogeljaar" writes about the Curlew: "... en de
oude vogel begint alarm te fluiten, als ge nog wel een kilometer
van 't nest verwijderd zijt" (... the old bird starts alarming
when you are still a kilometre away from the nest). Furthermore
Roderkerk (1961) observed that the breeding density of this
species decreased in areas where the recreation intensity was
increasing.
A recent study by De Roos (1981) clearly demonstrated the
Curlew1s susceptibility for disturbance. Statements by Van Dijk
(1981a) and Timmerman (1979) that the Curlew is a species
susceptible to recreation impacts seem to be supported by my
study.
Scolopax rusticoia. I know no studies that prove the suscepti-
bility of this species to disturbance and that contradict my
present results. The Woodcock specialist Van den Brink (1971)
thinks that this species is not a type with preference for the
vicinity of human habitation (in Dutch: "cultuurvolger")- The
difficulties involved in counting this species with the desired
accuracy will hamper any reliable conclusion about recreation
impacts. As the species is active in the evening, at night and in
the very early morning, it will be less susceptible to disturbance.
lts perfect protective colouring will also guard this species from
deliberate disturbance.
Columba palumbus. Opdam & Reijnen (Bakker et al. 1978) found no
differences in the density of th<! Woodpigeon between busy and
quiet areas. The results of my study are otherwise. It is remark-
able that no disturbance impact was found in the Laakse Strand
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study (chapter 5) with its high recreation intensity and its small
groves and hedges, whereas such an impact was found in Oostelijk
Flevoland with its large and relatively quiet parcels of woodland .
Van der Straaten (1981) describes how this species has developed
from a shy species breeding only in woods into a non-shy species
even breeding in cities. This process, which started in The
Netherlands at the turn of the century, has not been completed
everywhere in Europe. Perhaps even in The Netherlands both shy and
non-shy populations still occur. One would expect the Woodpigeons
of the woods adjacent to urban residential areas (chapter 4) to
belong to non-shy or "urban" populations (Cooke 1980).
Unfortunately Cooke did not study this species in his comparison
between the fly-away distances of birds from urban and from rural
habitats.
Streptopelia turtur. I do not know of any study whose results
contradict my findings about the Turtle Dove. Saris (1976) found a
decline of this species in a 10-year period in his study area
concomitant with an increase in recreation intensity. Westra
(1979a), however, mentions a general decline of the species in The
Netherlands, probably as a result of habitat changes. My study
adds outdoor recreation as one of the possible causes for the
decline.
Streptopelia decaocto. I found no disturbance impacts upon the
Collared Turtle Dove. Most other authors (e.g. Westra 1979b)
believe that the Collared Turtle Dove is a species with a pre-
eminent preference for the vicinity of human habitation. However,
this does not necessarily imply that high recreation intensities
cannot have negative impacts upon the density or breeding success
of this species (see also 1.5. Hypotheses 11).
Picus viridis. Voous (1979) mentions that the Green Woodpecker is
a shy species that can be found in "grote rustige parken" (large
quiet parks"). He even believes this species is a good indicator
of the "gaafheid en landelijkheid van het landschap (wholeness and
rurality of the landscape). In his contribution about the Green
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Woodpecker Van Dijk (1981b) quotes studies by Rijven & Van Sweltn
(1972) and Van Swelm (1973) which would prove that in a dune area
south of The Hague this species is not declining although
recreation intensity is increasing. However, large parts of these
areas ("Ockenrode" and "De Bremhof11) are not accessible to the
public and recreation intensity could not intensify there. In my
study no relation was found between recreation intensity and Green
Woodpecker density.
Lullula arJborea. The absence of a disturbance impact upon the
Woodlark is contrary to the suggestions and results of others. In
a memorandum by the Rijksinstituut voor Natuurbeheer (Research
Institute for Nature Management) (1976) two heath areas from which
this species has disappeared are mentioned and this disappearance
is attributed to a high recreation intensity with dogs. However,
the number of woodlarks in these areas was already very small
(only one!). Bijlsma (1979) also mentions recreation as a possible
cause for the decline of this species in The Netherlands. In the
discussion section in chapter 2 the unexpected positive correlation
between recreation intensity and the density of the Woodlark is
supported to be the result of the management units used for
analyses being too large.
Troglodytes troglodytes. Contradictory results for the Wren as
found in this study, can also be found in the literature. Opdam
& Reijnen (Bakker et al. 1978) found no differences in density
between busy and quiet areas. Wiehe (1973), however, found a
diminishing density together with an increasing recreation
intensity.
No statements about the Wren1s susceptibility to disturbance were
found in other publications.
Prunella raodularis. The Dunnock was only studied in Laakse Strand
(chapter 5) and not more than an indication of a disturbance impact
was found (though an important one: 30-50% decrease). This result
is not supported by other studies. Opdam & Reijnen (Bakker et al.
1978) found no differences in Dunnock densities between quiet and
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busy study areas. Cooke (1980) did not find a difference in fly-
away distance between urban and rural Dunnock populations. The
interpretation of Cooke's result is ambiguous: no differences in
susceptibility between populations or subpopulations or no
susceptibility (and no need for adaptation).
Turdus philotaelos. Though the results of this study for the Song
Trush vary, other studies are unambiguous and reveal a common
trend. Saris (1976) found a decrease in the density of this species
in an area with increasing recreation intensity. Opdam & Reijnen
(Bakker et al. 1978) found a clear difference in density between
busy and quiet areas, also indicating susceptibility to recreation.
Cooke (1980) found a marked difference in fly-away distances for
the Song Thrush between urban and rural areas, indicating a
habituation process of a shy species.
rurdus meruia. In this study no disturbance effects were found for
the Blackbird. Opdam & Reijnen (Bakker et al. 1978), however,
found a marked difference in Blackbird densities between busy and
quiet areas. Cooke (1980) found differences in fly-away distances
between Blackbirds in urban and in rural areas. Perhaps all study
areas should be regarded as urban areas with adapted Blackbirds.
However, Laakse Strand cannot be regarded as an urban area and yet
there is an absence of a disturbance effect. This absence of a
significant impact might be caused by the small samples of this
species. Furthermore, this species is difficult to count and to
localize, because its daily singing periods are short and its
activities range over a large area.
Oenanthe oenanthe. The Wheatear belongs to the middle category of
this study (± category): only indications of a negative recreation
impact. Van den Bergh (1979a) and Van der Straaten (1981) mention
the Wheatear as a species that might be negatively influenced by
recreation. Roderkerk (1961), however, indicated that the
population of Wheatears in "De Kennemerduinen" remained stable in
a period of increasing recreation intensity.
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Saxicola torquata. Not even indications of a disturbance effect
were found for the Stonechat. Van den Bergh (1979b) called this a
species with a preference for the vicinity of human habitation
("cultuurvolger") although the implications of this classification
are ambiguous. Greig-Smith (1980), on the other hand, described
behavioural reactions of Stonechat parents around the nest during
the approach of a pedestrian (observer). These reactions were
intense; however she did not mention any impacts on the ecological
level.
Saxicola rubetra. For the Whinchat only indications of a
disturbance effect were found (± category). Van der Straaten
(1981b) also mentioned recreation as a possible reason for the
absence of this species from a dune area near Noordwijk. However,
the general decline of the species is generally attributed to
developments in agriculture (Van den Bergh 1979e) : the gradual
loss of herb-rich grasslands (hay-fields). In longitudinal studies
without a control area it is difficult to distinguish between the
effects of agricultural developments and those of an increase of
recreation on the decline of this species, as they occured
concurrently (in the 1950s and 1960s).
Erithacus rubecula. I found no disturbance effects for the Robin.
Opdam & Reijnen (Bakker et al., 1978), however, found a marked
difference in Robin density between busy and quiet areas. Cooke
(1980) found differences in fly-away distances between urban and
rural areas, indicating shy rural populations. In contrast, Saris
(1976) found an increase of the Robin in his study area where
recreation intensity increased too.
Hippolais icterina. ünfortunately the Icterine Warbler was only
studied on Laakse Strand (chapter 5) and some indications of a
disturbance effect were found, though they were not strong (only
± 30% decrease). Saris (1976) also found a decreasing population
of Icterine Warblers in his study area. No other sources I know of
mention this species as being susceptible to disturbance. The
decline of the species in city parks (Brander et al. 1976) may be
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caused by incorrect park management rather than by an increasing
recreation intensity, since recreation intensities in city parks
have always been high.
Sylvia atricapilla. Although indications that the Blackcap is
susceptible to disturbance were consistently found (in the 1979
Oostelijk Flevoland study the impact was even found to be
significant), these results are dubieus. The significant impact is
dubious because it is not certain whether the simulations ended
before or after the arrival of the Blackcaps (sec 7.7.2.)- Neither
Opdam & Reijnen (Bakker et al. 1978) nor Saris (1976) found
indications of susceptibility to disturbance. Wiehe (1973) found
that the Blackcap was the second most susceptible of the 5
passerine bird species hè studied.
Sylvia borin. The results obtained for the Garden Warbler were less
atnbiguous: a consequently negative impact of pedestrians. These
results are in accordance with Saris (1976), who found a decline in
Garden Warblers in the 10-year period in his study area. No other
publications I know of support these results.
Scharenburg & Smit (1979a) indicated the importance of a well-
developed shrub layer for reaching high densities. The disturbance
impacts upon the Garden Warbler, such as presented in chapter 4,
might be the result of an indirect effect. Within the vegetation
classes of each woodland parcel, recreation might have damaged the
shrub layer in a way that was not picked up in the vegetation
survey. However, such indirect impacts of recreation cannot be
expected in the hedges and groves of Laakse Strand (chapter 5)
where access of the visitors to the hedges and groves is impossible
(too dense vegetation). Disturbance of the Garden Warbler was
found on Laakse Strand too.
Sylvia curruca. Both the dune area study (chapter 2) and, to a
lesser degree, the Laakse Strand study (chapter 5) indicated that
the Lesser Whitethroat was susceptible to disturbance. No other
study I know of confirms or denies these results. Saris (1976)
found a stable number of this species in his study area, but the
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lack of a control area makes his results dubious. Van Scharenburg
& Smit (1979b) call this a species with a distinct preference for
the vicinity of human habitation ("cultuurvolger"), and this might
indicate a low susceptibility to disturbance.
Phylloacopua trochilus. The results for the Willow Warbler from
the various studies in this project were very variable (sec
table 1). Wiehe (1973) found that this species was the most
susceptible of 5 passerine species: it had an average disturbance
distance of 7.86 m. A shortcoming of Wiehe's study is that hè
failed to compare his results with a control area in which the
recreation intensity did not increase. Another problem is the
unknown influence of other factors that changed in value in the
study period, concurrently with recreation intensity. In contrast,
Saris (1976) found an increasing number of Willow Warblers in his
10-year period during which recreation intensity increased (also
without a control area). Opdam & Reijnen (Bakker et al. 1978) found
no differences in the density of the Willow Warbler between busy
and quiet areas. Perhaps the absolute recreation intensity or its
range differed between the studies (extreme in Wiehe's case and
less extreme in Saris's case). The results presented in chapter 4,
where a significant disturbance was found for the Willow Warbler
in deciduous parcels with an extremely high recreation intensity
seem to support this explanation.
Phylloscopus collybita. The results of this study for the
Chiffchaff are less consistent than those for the Willow Warbler
and the indications for disturbance are weaker. Saris (1976),
however, found a decreasing number of Chiffchaffs in his study
area; this could indicate to susceptibility to disturbance. In
contrast. Opdam & Reijnen (Bakker et al., 1978) did not find
differences in density for this species.
Parus major. The clear absence of disturbance of the Great Tit was
consistent in this study. These results are concurrent with the
results of Wiehe (1973), Opdam & Reijnen (Bakker at tl., 1978) and
Saris (1976).
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Fringilla coelebs. The results of this study for the Chaffinch were
the same as those for the Great Tit: consistently no disturbance.
Saris (1976) even found that Chaffinches increased in a period
during which recreation intensity increased. Opdam & Reijnen
(Bakker «t *1. 1978) are the only authors I could find whose work
indicated that the Chaffinch could be susceptible to disturbance.
Table 2. A comparison between the susceptibility to disturbance found in the study
project and those found by other authors, and with the Hounsome score
and Nuorteva synantropy index of the bird species.
Authors :
Years :
Species
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
+
±
•
+ :
± :
;
Falco tinnuncuJus
Numenius arqruata
Scoloptx rusticolt
Col umi» palumbus
Streptopeli* turtur
Streptopelia decaocto
Picus viridis
Lullula arborea
Troglodytes troglodytes
Pnmella modularis
Turdus philomelos
Turdus meruia
Oenanthe oenanthe
Saxicola torquata
Saxicola rubetra
Erithacus rubecula
Hippolais icterina
Sylvia atricapilla
Sylvia borin
Sylvia curruca
PhyJJoscopus trochilus
Phylloscopus collybitt
Parus major
Fringilla coelebs
significant disturbance
Van der Bakker Cooke Saris Hounsome
Zande «t tl.
1976- 1978 1980 1976 1979
1980
*
-
±
+
-
-.
±
t
±
-
±
-
±
-
±
+
+
±
±
±
-
-
5
10
9
4
9
9
± 2
+ 8
8
7
9
4
+ 2
+ + + 3
+ - 2
9
9
9
+ + - 3
9
6
+ 7
9
5
+ 7
4
± 4
2 4 4 6.8
(6.3)2
2 5.9
(3.8)3
6 2 11 6.4
(4.8)3
Bezzel
1966' 1974-
19762
-5 + 29
+100
+ 52
-33 + 43
-44 + 66
-39 - 44
+53 + 10
-13 + 93
-19.5 + 41
- 0.5 + 31
') Helsinki 3) Without 9-score
indications of disturbance
no disturbance
2) Hamburg
.5
.3
.4
species
In table 2 the "score" of each species in the three susceptibility
classes is shown, together with a score allocated to the species
on the basis of the study results of Opdam & Reijnen (Bakker et aJ.
1978), Saris (1976) and Wiehe (1973). In the table a classification
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using Hounsome's (1979) typology of city birds and Nuorteva's
(1971) synanthropy index is also presented.
Hounsome ranked bird species according to their abundance in a
large number of town quarters. This ranking runs from l (species
that can be found in almost any town quarter), to 8 (species that
can be found in only a few town quarters). Species that have never
been found breeding in a town are ranked as 9. Perhaps one of the
factors that has an influence on whether a species breeds in towns
is its susceptibility to disturbance.
The synanthropy index as calculated by Nuorteva (1971) is a score
that determines the proportion of the total number of individuals
of a species that breed in an urban habitat compared with the
proportion that breeds in an agricultural or in a natural habitat.
The index runs from +100 (all individuals breeding in an urban
habitat or in an agricultural habitat) to -100 (all individuals
breeding in a natural habitat). Bezzel (1982) presents indices of
a number of species based upon studies in Helsinki and in Hamburg.
Both the Hounsome score and the synanthropy index are comprehen-
sive indices that ordinate bird species in a way that does not
clearly identify the underlying causal factors. Susceptibility may
be one of these underlying factors and therefore I analysed the
similarity between my results and both indices. One should be
aware of the fact that the indices run in opposite directions. The
average Hounsome score was calculated for the three susceptibility
categories of species; both including and excluding the species
that scored 9. My results do indeed correlate with the Hounsome
score. The significant negative impact category (+) had a higher
average Hounsome score then both the other categories (± and -).
The average synanthropy index showed less agreement with my
results. However, an index was only available for a small number
of species. The species not showing disturbance (- category) did
indeed have a higher synanthropy index than the species with only
indications of a recreation impact (± category). Neither similarity
was significant, probably because the samples were small. However,
taking an overall view of the results there is some similarity
between my results and the Hounsome score and the synanthropy
index.
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8.4. Recreation-intensities in the various study areas
One of the most logical explanations for the differences in
results between the various studies of this project (table l and
table 2) is the difference in recreation intensity between the
study areas. In chapter l (1.3.2.1.) I already drew attention to
the low level of measurement of most disturbance studies: this low
level prevents a comparison being made between the results of
these studies. When one opts for a classification into busy and
quiet areas it is possible that the "busy" areas of one study are
even quieter than the "quiet" areas of another study (and vice
versa). Only when the recreation intensity scale has an absolute
reference point (is standardized) does it becorae meaningful to
compare dose-effect relationships.
A complicating•factor in achieving this goal is the large variety
in techniques for measuring recreation intensities, and the
different units of measurement in these techniques. Popular units
of measurement are the average annual number of visitors per ha
and the maximum number of visitors present at one moment on a
Standard day.
The standard day (nth busiest day) can be chosen in different
ways: it can be the 5th, 8th or the 20th busiest day. However, in
disturbance research these units of measurement are rarely
available, because another measurement technique is used or
available, or the necessary time scale of measurement is different
(for example not a year but a breeding season). In fact any unit
of measurement can be used in disturbance research as long as it
is possible to measure it in the same way in the different study
plots. A relative estimator of recreation intensity is then
acquired: the bicycle-transect method is an example of a
measurement technique that yields such a figure. Unfortunately,
the average number of visitor groups frequenting a path segment in
one hour (or 1.5 hour) is not a figure that can be used easily in
planning and management. With an eye to applying and comparing the
results I tried to find or calculate a comparable recreation
intensity figure for each study area.
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The average annual number of visitors per ha seemed most
suitable for this goal, but some sleight of hand had to be used.
Peltzer's (1976) results suggest that it is possible to
distinguish between 3 types of recreation areas which differ in
their standard-day/annual number of visitors quotiënt (see also
Studiegroep Recreatie en Natuurbehoud in de Duinen 1978). The
factors by which the visitor numbers of a Standard day must be
multiplied in order to achieve the annual visitor number for
Sunday type areas, intermediate type areas and weekday type areas
are 70, 120 and 200, respectively.
The second factor used in my calculations was the average number
of visitor groups per hour frequenting a path segment in
Roggebotzand on a number of Standard days. This figure of 1.02 was
presented in table 2 in chapter 4: it had been calculated by
Poppelaars & Zegwaard (1980). Roggebotzand is also the only study
area for which the average annual number of visitors per ha is
also known: 170 visitors/ha/year.
The other study areas were classified as being a Sunday type,
intermediate type or weekday type area. Subsequently the average
path frequency on Sunday of each study area was taken (as can be
found in table 2 of chapter 4 and these figures were divided by
1.02, multiplied by a recreation area type factor (Roggebotzand
has been classified as an intermediate type area, thus: 70/120,
120/120 or 200/120), and finally multiplied by 170. Because a
figure for annual number of visitors was already available for the
dune areas, a corresponding figure was acquired for each study
area: these figures are presented in table 3.
However, before discussing these figures a digression is
necessary about the assumptions in the sleight of hand calculations
presented above. Three assumptions had to be made:
1. path length in each area is, on average, equal to the path
length per ha in Roggebotzand. Recreation intensity per path
length segment can be equal in two areas, but if one area has
twice as much path length per ha, the visitor numbers per ha
are also twice as high;
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2. path lay-out in each study area (number of path segments per
total path length) is, on average, equal. Because the bicycle
transect method yields average numbers of visitors per path
segment it is possible that in two study areas with the same
value this intensity is reached in twice as many path
segments per unit of area in one study area as in the other
(more path crossings per length of path);
3. the total time spent per visitor in an area must be, on
average, equal to the total time spent per visitor in
Roggebotzand, since the data obtained by the bicycle transect
method depend on the total time spent per visitor on a path
segment (walking speed).
Table 3. Recreation intcnsities of the various study areas express«d as
average number of visitors per hectare per year.
Area Recreation intensity
1. Dune areas
busy areas > 200
quiet areas < 200
average 303
2. Woods adjacent to
urban residential areas
Oranjewoud 3,006
Dronten North 1,193
Dronten South-East 893
't Harde 3,743
Zeist 2,146
Doorwerth 4,150
Ulvenhout 2,036
Average 2,455
3. Laakse Strand
1976 average 1,996
1980 average 4,196
1980 busy parts 1,840
4. Oostelijk Flevoland
1978 busy areas > 330
1978 quiet areas < 330
1978 average 170
5. Nature reserve areas
(Peltzer)
Ist busiest area 5,800
5th busiest area 1,424
16th busiest area 143
It is clear that these assumptions will not fully be met and
that the figures in table 3 are approximations. It would have been
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possiblc to make corrections, for example based upon differences
in path length between the study areas, but new assumptions would
have been necessary.
One should assess the figures in table 3 in the light of these
restrictions and it is better to consider them as indicators of an
order of magnitude of the recreation intensity of the various
study areas.
The study areas can be ranked in terms of average recreation
intensity: Oostelijk Flevoland is the most quiet area, followed by
the dune areas; Laakse Strand and the woods adjacent to urban
residential areas are the busiest. Peltzer (1976) calculated a
recreation intensity figure for 55 nature reserve areas in The
Netherlands. The average annual number of visitors per ha could be
calculated for 16 of these areas (the 16 busiest). Only 5 areas
appear to reach an intensity exceeding a 1,000 visitors per ha,
per year.
The figures in chapter 2 show that impacts on the density of
Numenius arquata occur in the range between 200 and 1,000 visitors
per ha per year. In the same range indications of disturbance were
found for Sylvia curruca, Oenanthe oenanthe and Saxicola rubetra.
Impacts upon Falco tinnunculus might be expected in the same
recreation intensity range, given the recreation intensities found
in Oostelijk Flevoland. Impacts upon species such as Streptopelia
turtur, Sylvia atricapilla and Sylvia borin will occur in a
recreation intensity range of between 1,000 and 5,000 visitors per
ha per year (woods adjacent to urban residential areas and Laakse
Strand). Expressed in an average number of visitors frequenting a
path segment in one hour this latter range is between 6 and 60
visitor groups/hour.
The susceptibility of some species has been displayed graphically
in figure l.
Apart from the recreation intensity resulting in disturbance, the
disturbance distance is also an important parameter. Especially for
the application in management and planning disturbance distances
can be useful. One may assume that in situations with access only
along roads and paths, each path will have a gradiënt in recreation
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intensity perpendicular to it and probably a disturbance gradiënt
too. The length of this disturbance gradiënt will depend on the
type of habitat, resulting in a quick or a slow change of the
recreation stimuli (sight, noise). On the other hand, the length
of the disturbance gradiënt will depend on the susceptibility of
the bird species. In chapter 4 the sample of woodland parcels was
unfortunately too small to be split into subsamples with a
differing parcel size, which would have enabled a distance effect
to be measured.
disturbance
distance
UUU'
m
i
nnfi-
100
Crt.
VaneMus
vanelkjs
/ Limosa
limosa
Numenius arquata
Lagopus tagopus
Tetrastes bonasia
Lyrurus tetnx
Tetrao urogallus
Falco tinnunculus
Buteo buteo
Streptopelia turtur
Sylvia born
'/ Sylvia atricapitla
200 1000 ?
recreation intensity persons/ha/year
5000
Figure 1. Ranking of some bird species according to their
disturbance distance interval and the recreation
intensity interval affects them.
Only in chapter 6, the Falco tinnunculus study, the parameter of
distance was explicitly used as a dose parameter. Both the results
of the field study and the results of the mail questionnaire
indicated that 50 m was the distance that resulted in the most
significant differences in breeding success and density of the
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Kestrel. This implies that disturbance probably extends further but
will be much less beyond 50 ra. This distance is in the same order
of magnitude as the disturbance distances found by Waardenburg
(1976) for Buteo buteo-. 75 m. 11 is interesting, that the latter
distance is much smaller than the disturbance distances found by
Van der Zande et. al. (1980b) for Vanellus vanellus and Limosa
limosa. between 1.0 and 2.O km. The latter study was done in an
open field habitat (meadows), whereas the studies on Buteo buteo
and Falco tinnunculus were done in wooded or half-open habitats.
Raty (1979), in contrast, also found large disturbance distances
in wooded areas for Lagopus lagopus, Tetrastes bonasia, Lyrurus
tetrix and Tetrao urogallus-. 500 m. Apparently these bird species
have a different behaviour in relation to disturbance, though we
must be aware of the many other factors that differ between the
various studies.
In dune areas large disturbance distances also might be reached,
whereas in wooded areas smaller distances could operate for
passerine species. The fly-away distances Cooke (1980) found varied
between an average of 5.9 m for Parus major and an average of
59.9 m for Corvus frugilegus. Unfortunately, that author did not
define the circumstances of his observations, other than describing
them as urban or rural. I believe that further study of disturbance
distances would be very useful, and to inspire researchers to do
this, I have also ranked sotne bird species according to their
disturbance distance in figure 1. The figure must not be looked
upon as an accurate representation, but rather as an interpretation
intended to stimulate both thought and further study.
8.5. Mechanisms of disturbance - hypotheses
In chapter 1.5. a number of hypotheses found in literature on
disturbance were summarized. In this paragraph I will discuss these
hypotheses again, in the light of the results of the study project.
The same classification into four types of hypotheses as was
done in chapter l is followed below and the hypotheses are
numbered in the same way.
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A. Hypotheses concentrating upon the dose parameters
1. The threshold hypothesis is not supported by my results. Even
in the case of the Curlew (chapter 2) for which the most
detailed dose-effect curves are available, one cannot speak
of an all-or-nothing response to one (threshold) dose
intensity. If the treshold hypothesis was valid, then the
variability in the response between the individual Curlews
should have been extremely large to produce such a semi-
logarithmic curve as I found for the whole population.
2. The peak-day hypothesis is not supported by my results either,
quite the contrary. The results in chapter 4 indicate that a
better correlation between recreation intensity and bird
densities is found when weekday intensities are used. However,
one should realize that the absolute recreation intensity is
very high in those study areas. What is more, these wooded
areas must be regarded as intermediate or weekday type
recreation areas (see 8.3.) and it is possible that in Sunday
type areas the peak intensity is more important than the
weekday intensity. Breeding success might be particularly
influenced by peak intensities (during breeding) rather than
by weekday intensities. I conclude that it is necessary to
distinguish between the ratio of weekday and peak intensity
of an area before the peak-day hypothesis can be decisively
rejected.
Because of a lack of data about recreation intensities in the
past, a cumulative dose could not be used as a dose parameter
to test whether such a dose would produce even better
correlations.
3. The critica.2-phase hypothesis could not be supported by my
results. Disturbance appeared both in the settling phase and
in the breeding phase, as was shown in chapter 6 for Falco
tinnunculus.
4. The speciaJ-grroup hypothesis is difficult to test, because
unfortunately I was unable to use a detailed visitor counting
method that distinguished between various types of pedestrians
(see also chapter 3). The results of chapter 4 might indicate
that the quality of the visitors is less important than their
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quantity. Correlations between bird densities and recreation
intensities appeared to bc impervious to the values of the
indices used for pedestrians, cyclists and dogs. On the other
hand, the subsequent steps of averaging recreation intensities
in order to achievc a figure per woodland parcel (or per
10 ha) also reduced the possible impact of differences in
composition of the recreation figures. The variability in
composition of recreation might also have been too small from
the start.
Further study is necessary to test this hypothesis and one
bottle-neck that must be overcome is an adequate qualitative
technique for counting visitors.
5. The siihouette hypothesis could not be tested either and the
points mentioned in the preceding paragraph also hold for
this hypothesis.
B. Hypotheses concentrating upon the effect parameters
6. The open-habitats hypothesis cannot be tested with the
results of this study project. It is impossible to compare
the impacts of an equivalent recreation intensity upon the
complete breeding bird population of different habitats.
7. The synchrone/ hypothesis can be tested qualitatively. The
24 species studied were classified according to their
migration status. A distinction was made between residents,
early regular breeding summer visitors and late regular
breeding summer visitors (Commissie voor de Nederlandse
Avifauna 1970). Those species generally arriving in February
and March as "early", whereas those generally arriving in
April or later are "late". This classification is presented
in table 4.
It can be seen that of the 9 species for which no disturbance
was found (- category) 8 were residents. The early non-
residents can be found in the category with indications of a
disturbance (±) and in the no-impacts category (-), whereas
the late non-residents can be found predominantly in the
category with significant impacts (+) and in the category
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with indications (±). This distribution can be seen as
lending slight support to the synchrony hypothesis, though
the numbers of species per category are small.
A test of the synchrony, sympatry and conspicuousness hypotheses
based on a classification of the bird species into three disturbance
categories
Species
1.
2.
3.
4.
S.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23
24
+
i
-
Falco tinnunculus
Nunmnius arqruata
Scoloptx rusticol*
Columb» palumbus
Streptopelia turtur
Stroptopeli» dmcuocto
Picua viridia
Lullu2m mrbor»*
rrog-Jodytes trogJodytes
Prunell* aoduJaris
Turdus philomelos
Turdus meruia
Oenanthe oenant/ie
Smxicola torquata
Saxicola rubetra
Erithracus rubecula
Hippola i s ie ter ina
Sylvi» atncapilla
Sylvit borin
Sylvi* curruca
Phylloscopus trochilus
Phylloscopus collybita
Parus major
Fringilla coglobs
Total
+ :
± :
™ :
significant disturbance
Distur-
bance
cate-
gory
+
+
-
É
+
-
-
-
±
±
±
-
±
-
±
-
±
+
+
±
±
±
-
~
5
10
9
24
indications of disturbance
no disturbance
Migratory Brecding
status height
R ES LS high low
X
X
X
X
X X
X
X
X
X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
X X
2 0 3 2 3
4 3 3 3 7
8 1 0 5 4
14 4 6 10 14
R : resident c
ES: early summer i. c.
LS: late summer
Conspicuous-
ness
C .
X
X
X
X
X
X
X
X
X
X
X
X
2
3
7
12
i. c.
X
X
X
X
X
X
3
7
2
13
• conspicuous
: inconspic-
uous
The lack of susceptibility of the residents can be
interpreted as a result of adaptation. Peitzmeier (1939,
1944) suggested such an adaptation process and Cooke (1980)
measured it on the behavioural level. This hypothesis also
fits with the differences between results for Phylloscopus
trochilus in the various study areas. In the woods adjacent
to urban residential areas recreation is a permanent
phenomenon (weekday type areas) and affects the early arriving
Phylloscopus trochilus. The visitors to the woods in Oostelijk
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Flevoland reach high numbers early in the year (Poppelaars &
Zegwaard 1980, Van der Heulen 1980) and there significant
disturbances of Phylloscopus trochilus were also found.
The sympatry-hypothesis can also be tested qualitatively.
Nesting heights, as mentioned by Makatsch (1976) werc used to
classify the 24 species into "high" and "low" breeders. All
average nesting heights above 2 m were classified as high and
all average nesting heights below 2 m as low. in table 4 it
can be seen that 10 species were classified as high and 14 as
low. Five of the 10 high species (50%) belong to the species
with a significant disturbance or indications of a disturbance
(+ and ± together). Ten of the 14 low species (70%) belong to
these two categories (+ and ± together) and thus I again infer
a slight support for the sympatry hypothesis.
Of course such a conclusion must be used judiciously. Since
the small sample does not allow more sophisticated models to
be tested, I could not exclude bias and it is possible that
low breeders are mainly residents or late breeders. One could
also conclude that the sympatry-hypothesis cannot be rejected
on behalf of my results.
The conspicuousness hypothesis was tested in the same way as
hypotheses 7 and 8. However, I could not find a quantitative
criterion to define conspicuousness and the score in table 4
is completely arbitrary. Using size, colour and behaviour as
guidelines l scored each species as conspicuous or
inconspicuous thus dividing the sample in 12 conspicuous
species and 12 inconspicuous species. The distribution of
these classes over the disturbance categories did not confirm
the conspicuousness hypothesis - on the contrary: ten species
of the 12 inconspicuous ones were in the category with
significant disturbance or indications of disturbance (+
and ±), whereas only 5 of the 12 conspicuous species feil in
these two categories. This result can be seen as refuting the
hypothesis or as a proof of an incorrect definition of
conspicuousness. More detailed analyses of the relation
between susceptibility and conspicuousness, using quantita-
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tive parameters of conspicuousness, should be done before
final conclusions are drawn.
C. Hypothesis concentrating upan dose-effect relationships
10. The logarithmic-relation hypothesis found strong support in
the results of the various studies. The dune areas study
(chapter 2) and the study in woods adjacent to urban
residential areas (chapter 4) both showed an improvement in
the correlations between recreation intensity and bird
density after a log transformation of the recreation
intensity. This result is one of the most pronounced of the
entire disturbance project: disturbance increases with the
logarithm of recreation intensity.
D. Hypotheses concentrating upon causal otechanisms
11. The different aspects of the stimulus-response hypothesis
could not be tested with the results of this study, because
the stimulus was not measured exactly enough. In order to
test this hypothesis one should measure separately the
visual, acoustical, mechanical and chemical aspects of a
recreation stimulus.
12. The popu-Zation-otynamics hypothesis was also difficult to test
because only the results of the Falco tinmmculus study
provided some clues. In chapter 6 it was seen that negative
impacts showed up both in the settling phase (nest-site
preference) and in the breeding phase (breeding success). In
chapter l I already pointed out the complexity of the
relationships between density and production: only a long-
term study using individually marked birds could elucidate
these relationships. However, taking into account the
relatively small impact of recreation upon breeding success
of Falco tinnunculus I believe that this mechanism is
irrelevant and that avoidance is the only important process
lowering the bird density. Strong support was found for the
food-hypothesis, as was suggested by Opdam (1978).
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8.6. Methodological results
A number of problems I had to solve at the start of the study
project were methodological. No well-tested methodology was
available, at the level of research designs and strategies or at
the level of techniques of measuring the dose. Even the often-used
bird counting techniques failed in some aspects and the technique
of bird observation had to be modified. An important goal of this
study was to develop such methods, or to develop them further.
Chapter 3 was completely devoted to developing techniques for
measuring dose parameters. The methods were developed by trial-and-
error and sometimes a method arbitrary had to be classified as
useful. However, it is easier to explain why a method is nöt
useful and the reader will be offered the opportunity to profit
of my wrong tracks.
The methodological results will be discussed in the form of
answers to two questions:
a. what is the most promising strategy to study disturbance?
b. what sampling and analysing techniques are necessary to study
disturbance?
Question a. What is the most promising strategy to study disturbance?
A major problem in choosing a research strategy and a research
design for disturbance study is sample size in relation to the
variability in other factors. Ideally, a large sample of each bird
species should be available to enable reliable (i.e. statistically
reliable) conclusions to be drawn. The size of sample necessary
depends on a number of factors. First of all, the (unknown)
susceptibility will be of influence. I f a 20% disturbance is
anticipated the sample will have to be much larger than if a 90%
disturbance is expected. Secondly, the sample size will depend on
the aim of the research: is it only necessary to test a qualita-
tive relationship or is quantification desirable. Quantification
of the dose-effect relationship will require larger samples (more
classes). Finally, the sample size will depend on the variability
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in other factors and their expected influence upon the birds
(effect parameter). A large variation in an influential factor
will, for example, necessitate splitting the sample into subsamples.
These considerations lead me to identify four items where a
choice must be made for any disturbance researcher:
1. study design; longitudinal descriptive, transverse descrip-
tive, a combination of both, or an experimental design;
2. bird species; one can opt for a probably very susceptible
species and use a low recreation intensity or one can opt for
a probably less susceptible species and use a high recreation
intensity,-
3. sampling method; one can either sample oneself or use a
(larger) body of existing information;
4. sampling strategy; one can opt for a laboratory approach, a
randomization approach or a multifactor approach (see
chapter 1.3.2.3.).
First item of choice: Study design.
Initially a transverse descriptive study design was chosen, e.g.
in the dune area study (chapter 2) and in Oostelijk Flevoland
(section 7.4.). The shortcomings of such a design led me to do
some experimental studies: Laakse Strand (chapter 5) and in
Oostelijk Flevoland (section 7.7.). Although the ultimate proof of
causality can only be found with experiments, the numerous problems
arising with experiments made me return to the descriptive trans-
verse design for the study in the wooded areas adjacent to urban
residential areas (chapter 4).
A practical problem of studying species of breeding birds is
that one bird counter alone cannot sample a large enough area to
draw reliable conclusions based upon the numbers counted per
species. A more fundamental problem is the choice of a control
area, because the first problem can be solved by using a team of
bird counters. The control area is necessary to measure the
autonomous developments in the breeding bird populations. This
area must be a good control area from the point of view of
recreation intensity and of bird species composition and habitat.
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Because a zero recreation intensity is difficult to find in The
Netherlands one often has to be content with an area with a stable
recreation intensity. But how can one know whether a recreation
intensity is stable when one does not know what changes in the
character of the recreation and in numbers of visitors are relevant
for birds? The habitat of the control area must be equivalent to
that of the experiment area, because it is well-known that
fluctuations in bird numbers differ between different habitats
(especially between so-called optimum and suboptimum habitats).
These fluctuations must also be synchronous (peaks must occur in
the same season) and this is not automatically so.
Another problem that deserves mention is the tendency of most
bird species to prefer the previous year's breeding place, even
when the conditions have altered ("Ortstreue"). De Roos (1981) has
developed a solution for this problem. He sampled during a series
of seasons and used the figures from even or uneven years for the
analyses. By excluding alternate years hè hoped to have coped with
this problem. Again, a larger sample is necessary to solve this
specific problem.
A final problem I want to mention is the impact of the observer.
The observers own disturbance will be more intense in quiet areas
compared with busy areas. I have thought of no solution for this
problem.
As a conclusion I would recommend descriptive research designs
in The Netherlands. For those who wish to experiment I would
recommend experiments with a decreasing recreation intensity
because they have hardly been done and they could yield important
information about the recovery of bird populations.
Second item of choice: Bird species.
In the dune area study a selection was made of 8 bird species
(see chapter 2) and the probability of a species being susceptible
was one of the selection criteria. In other studies the first
criterion was a high recreation intensity (chapter 4) probably
resulting in study areas with less shy species. Both choices have
a risk, which is shown graphically in figure 2.
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Effect =
decrease
of density
"busy"
A susceptible species
B unsusceptible species
"quiet" dose =
recreation
intensity
Figure 2. Two hypothetical dose-effect graphs of a susceptible
species and an unsusceptible species, illustrating the
risk of ünsatisfactory results.
The absence of significant results may be the result of an
already completed disturbance situation (too high recreation
intensities) or the result of a disturbance that has not yet begun
(too low recreation intensities). One must find the recreation
intensity range in which disturbance occurs and this range will
differ between the various bird species and between different
habitats. In this study, opting for probably less susceptible
species in high recrsation intensity situations yielded the most
significant results. However, other bird species will be more
important for conservation policy. Further study should
concentrate upon an intermediate group species: not so common as
Phylloscopus trochilus and not so scarce as Ixobrychus minutus
(Van der Straaten & Verhoef 1971). The range between 200 and 2,000
visitors per ha per year seems to be the best range to work within.
Third item of choice: Sampling method.
In chapter 2 an example is presented of the analysis of a large
body of information, gathered by others. The other chapters contain
results based upon sampling by my collegues and myself. Looking
back upon those studies it is apparent that the small sample was
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the major enemy to beat. It is my opinion that the best results
can be achieved by analysing data on large areas, that have been
sampled by others. One of the reasons for this opinion is that
during this study recreation impacts were found to be relatively
small compared with the influences of other factors. This implies
that subtle differences have to be found, and conclusions about
subtle differences can only be drawn by using large samples. The
study done by Opdam & Retel Helmrich (1982) can be seen as
substantiating this opinion, although they did not work with
separate bird species as effect parameter.
Fourth item of choice: Sampling strategy.
The sampling strategy used in the various studies also changed.
Initially a randomization approach was used in the dune area study
(chapter 2). Subsequently an attempt was made to find a study area
that would enable a laboratory approach. In Oostelijk Flevoland
(chapter 7) I thought I had found such an area. However, even
there differences in characteristics of the edges of the plots
influenced the bird densities, especially at the level of parts of
parcels. My conclusion is that otherwise identical busy and quiet
areas that are suitable for disturbance study cannot be found in
The Netherlands. Consequently, the laboratory approach in its pure
form is not feasible in disturbance study. One can either use the
randomization approach or the multifactor approach. Using the last
approach one will have to include differences in vegetation
characteristics in the sampling matrix.
Question b. What sampling and analysing techniques are necessary
to study disturbance?
First of all, the sampling of the dose parameter is important.
Both the quantity and quality of visitors must be sampled in the
relevant time and space scale. The bicycle-transect method in
chapter 3 proved to be feasible in different situations and
yielded data on a sufficiently detailed scale. However, the
typology of recreation behaviour needs to be further improved. Not
only the frequency that visitors pass over path segments must be
known, but also their activities. Different types of activities
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will probably result in differences in disturbance. A follow-up
study intended to design such a behaviour typology has been
completed and a publication is in preparation (Poppelaars &
Musters in prep.).
Two aspects of the bird sampling methods (effect parameter) may
be worthy of further use. The use of series of nest-boxes
perpendicular to paths, as was done for Falco tinnunculus, could
greatly improve our understanding of the influence of recreation
upon nest-site preference. In other study areas the samples would
probably be large enough to enable differences between busy and
quiet areas to be tested (see also Van der Zande & Ter Keurs
1981).
The observation method, as developed for the Willow Warbler
(Phylloscopus trochilus) might also be applicable to other
species. The drastic observer impacts that are inevitable when
nests are checked (see chapter 1.3.1.) could be reduced by an
unknown degree, when this observation method was used. In
disturbance research, Lehnington's "uncertainty principle" (1979)
is a great dilemma.
Other variables were measured in differing degrees of detail.
Doing's (1979) vegetation maps are the most simple and Don's (1980)
vegetation survey method is the most detailed I have used. The
vegetation survey in chapter 4 is intermediate between these two.
In chapter 7.6. one can see that only a few vegetation
characteristics explain all the variance in bird densities and
thus I conclude that a simple survey method, measuring vegetation
structures, will be sufficient in most disturbance studies.
Reflections on methods of analysis can be found in chapter 2 and
in chapter 7. Important questions concerning analysis are:
1. what unit of analysis should be chosen?
2. how should an expected value be calculated?
1. What unit of analysis should be chosen?
In chapter 2, management units were chosen as the units for
the analysis; chapter 4, the units of analysis were woodland
parcels, in chapter 5 they were 100 m intervals and
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homogeneous vegetation units, in chapter 6 they were the
nest-boxes and in chapter 7 they were again woodland parcels.
When choosing a unit for analysis the optimum unit is one
that minimizes differences in other factors between the
units, while maximizing the differences in recreation
intensity. Furthertnore, one must reconcile the wish to have
the maximum number of units with the wish to have the maximum
number of birds per unit. Both optimalization processes
sometimes necessitate lumping or splitting sample units before
they can be used as a unit for analysis. An example of lumping
(amalgamation) can be found in chapter 4; woodland parcels
appeared to be too small and 10 ha units were created.
Splitting was advisable in the dune area study, but was not
possible, because no recreation intensity figures were
available at the level of vegetation types. In the lumping
and splitting process the recreation intensity figures also
have to be lumped and split and one has to do a sensitivity
analysis afterwards. It is a pity that Opdam & Petel Helmrich
(1982) failed to do such a sensitivity analysis.
How should an expected value be calculated?
In chapter 2 several methods were described of calculating
a figure for the expected number of birds in management units
that could be used to test against the observed numbers were
described. These methods have the advantage that in a
situation where a variance model is lacking the whole sample
can be used in a test.
In chapter 4 it was shown that multivariate analyses can be
used as an a posteriori method to elucidate relations between
bird density and recreation intensity.
8.7. Significance for planning and management
Before giving some specific recommendations for applying the
results in planning and management, I will specify my ideal model
for planning and management. This ideal model can be called
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rationa! planning and management and five steps can be
distinguished. The model is a cyclic or rather a spiral type, and
it is immaterial with which step one starts. It is shown diagram-
matically in figure 3. Such rational planning and management models
can be used at different geographical levels: national, regional,
local, or the management unit. In the ideal situation no
conflicting goals are found between these levels (hierarchy in
levels) and each lower level can be seen as a specification and
differentiation of the higher levels.
Fiqure 3. Ideal model of rational planning and management.
step
l .
2.
3.
4.
5.
Question
What must bc the mam
and secondary goals
for the area'
What is the maximum
acceptable damage for
what organisms?
Does the actual use have
any detrimental impacts
upon area qualities7
Do the impacts conflict
vi t h the standards set?
Can management measures
reduce or prevent de-
trimental and unaccep-
table damage *
Information needed
goals
parameters
and standards
results of impact
research
results of management
analyses
results of research
on efficacy of manage-
ment measures
Information
delivered by
decision-makers
experts and
makers
researchers
managers
researchers
managers
deci s ion-
and
Figure 3. Ideal model of rational planning and management.
The question central to this study lies in the third step: does
the actual use of the area affect the qualities of the area? The
diagram shows that even a complete and exhaustive answer to
question 3 is not a sufficient prerequisite for rational planning
and management. Two other bottle-necks can be found in the day-
to-day practice of planning and management.
Question 2 remains unanswered in numerous situations.
The Dutch planning system is strong in formulating all kinds of
major, secondary, additional, and sub-goals at all planning levels
but these goals are not "translated" into parameters and standards.
Without parameters one cannot gather information because one cannot
know what information should be gathered. Without standards the
information gathered has no meaning because one cannot know whether
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the goal has been reached or not (to an acceptable degree). The
lack of parameters and standards makes itself feit in steps 3
and 4. The recreation impact ecologist does not know what object
to choose: the species that is probably most susceptible, the most
scarce species, the most appealing species etc.? The manager does
not know what to do with recreation impact results: is a 20%
decrease in JVumenius arquata acceptable or not? Is a 5% increase
in Urtica dioica acceptable or not? The lack of parameters and
standards leads to the no-impact level arbitrarily and implicitly
being chosen. In day-to-day practice such an effect level is often
chosen for a species by serendipity (a species may have been
studied by an amateur for fun). This day-to-day practice, though
justifiable for the time being, does not fuifil the ideal model.
A management plan should specify which plants and animal species
and which ecological patterns and processes should be used to
measure and test the management goals. 11 should also specify what
damage to these species, patterns and processes is acceptable as a
side-effect of access and other use. I discuss this problem
elsewhere (Van der Zande 1982).
A second bottle-neck, specific to recreation management, is the
astonishing lack of knowledge about the effectiveness of management
measures. An example is the yes-or-no discussion that arose after
the paper by Udo de Haes & Van der Zande (1977) on the question of
whether providing visitor-attracting amenities near entrances to
areas would lead to an increase in the number of visitors in the
other parts of the area or would result in a decrease there. Not
even the efficacy of the most simple measures to regulate visitor
numbers by site managers that have been used by site managers for
decades have been studied properly. Such measures include: changing
the capacity of the car-park; printing injunctions on entry
tickets; changing the path lay-out, changing the path metalling,-
signposting routes, posting "keep-out" notices, using different
types of wire and fencing, etc.
Information about the efficacy of these measures is necessary to
be able to prevent or reduce disturbances and other recreation
impacts. Only when reduction or prevention is impossible, can
stronger measures (termination of access) be justifiable.
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I conclude: more Information about disturbance is only a small
step towards rational planning and management.
Recomaendations for planners and managers
The results of these study can be used to formulate
recommendations for planners and managers.
1. For a certain number of species impacts of pedestrians upon
the breeding density and breeding success have been found in
dune and forest areas and must be taken into account when
planning and managing such areas.
2. Disturbance seems to be a factor of minor importance in
comparison with the factor vegetation in wooded areas. This
implies that a bird-friendly management of such habitats is a
more rewarding and efficiënt activity than minimizing the
impact of disturbance upon the population.
3. The recreation impacts sometimes seem to differ between the
years. A good management regime will take into account the
bad years and will base the management regime upon the most
unfavourable situations.
4. Disturbance of the Curlew, Numenius arquata, was found in a
range in recreation intensity of between 200 and 1,000
visitors per ha per year. In this recreation intensity range
one might expect other open habitat species to be disturbed
too.
5. Species such as Streptopelia turtur, Sylvia atricapilla and
Sylvia borin were found to be disturbed in a recreation
intensity ranging between 1,000 and 5,000 visitors per ha per
year. In this recreation intensity range one might expect
other woodland habitat species to be disturbed too.
6. The relationship between recreation intensity and bird density
seems to be semi-logarithmic. This implies that the same
absolute increase in recreation intensity in a still quiet
area will have a greater impact than in an already busy area.
A strict zoning management regime with quiet and busy parts
of a management unit could thus minimize disturbance.
- 238 -
7. Not only is the recreation intensity on peak days important
for disturbance, but in some areas the weekday recreation is
also important and can be even more important than the peak-
day intensity.
In such situations the acceptable number of visitors should
be established in terms of weekday visitors.
8. The disturbance distances a manager should take into account
are 50-100 m for Fa.lco tinnunculus and probably for other
diurnal raptors too. Since longer distances were found in
other studies, one should be cautious and reckon on the
possibility of longer distances, especially in open field
habitats. These distances can be some hundieds of metres or
even more than l km.
8.8. Recommendations for further study of disturbance
Five fields of interest are important for further study of
disturbance. First of all it is important to gain more insight
into the nature of the effective recreation dose. The different
types of pedestrians probably differ in their impacts and it is
important to know which stimuli of a visitor cause the disturbance
impact. Also, the impact of the presence of a dog is still an
important and unanswered question.
Secondly, the impacts of other kinds of (land) recreation upon
birds deserve attention: horse riding, cycling, all kinds of air
sports (model planes, ultra-light aeroplanes etc.).
Thirdly, it is important to complete the picture of the
susceptibility of other bird species by studying other species.
Further research could concentrate upon those species that occur
in areas with a recreation intensity range normal for natural
areas. Peltzer's (1976) study showed that almost all nature
reserves have a recreation intensity of between O and 1,000
visitors per ha per year (only 5 out of 40 exceeded this
intensity). Bird species reacting to such recreation intensities
could be useful parameters for management plans.
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Fourthly, i t would be useful to be able to specify the
disturbance distance for more species. Since roost areas are only
accessible by roads and paths, the disturbance distance will
determine the percentage of the area in which disturbance can
occur. The distances between paths and roads could be used as a
separate dose parameter in further study.
Finally, one should be aware of "bidden impacts" that may be
forgotten because only Standard measurement methods are used.
Disturbance occurring in the breeding phase, for example, can
remain hidden, as can be the impacts of weekday recreation. One
should be creative in discovering new techniques that will enable
us to dig deeper into the complex phenomenon of disturbance.
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9.1. Opbouw en structuur
In dit hoofstuk wordt het proefschrift samengevat. Diegenen, die
door deze samenvatting nader geïnteresseerd raken in een onderdeel
van de studie, kunnen in de desbetreffende hoofdstukken de vol-
ledige informatie vinden (met uitzondering van de hoofdstukken 3
en 5, die als samenvattingen zijn opgenomen). Getracht is de resul-
taten zonder verwijzing naar de hoofdstukken weer te geven, maar
een enkele keer was het onvermijdelijk te verwijzen naar een
figuur.
De opbouw van het proefschrift is hoofdstuk voor hoofdstuk als
volgt.
In hoofdstuk l wordt een algemene inleiding gegeven op het on-
derwerp van het studieproject. In deze inleiding wordt ingegaan op
de relatie tussen openluchtrecreatie en natuurbehoud als milieu-
probleem. Tevens wordt de centrale vraagstelling van het studie-
project beschreven, waarbij de problematiek wordt ingeperkt tot
een onderzoekbare vraagstelling. De keuze van het object van
studie - broedvogels van bossen en duinen - wordt gemotiveerd,
mede op grond van inzichten uit de literatuur. In de algemene
inleiding worden op basis van de literatuur tevens hypothesen
geformuleerd over de veronderstelde relaties tussen openluchtre-
creatie en broedvogels.
In hoofdstuk 2 worden de resultaten van een beschrijvende studie
naar de relatie recreatie-broedvogels gepresenteerd. Deze studie
is gebaseerd op de gegevens van een groot aantal duingebieden
(beheerseenheden). Een van de beperkingen van deze studie vormde
de aard van de recreatiegegevens. Deze waren slechts beschikbaar
per beheerseenheid of bij uitzondering van delen van grote beheers-
eenheden. Voor een goede analyse van het complex vogeldichtheden-
recreatieintensiteiten-vegetatiestructuren was het gewenst over
een recreantentelmethode te beschikken die gegevens over verschil-
len in recreatie-intensiteit oplevert op het ruimtelijke schaal-
niveau waarop ook andere variabelen, zoals vegetatiestructuren,
verschillen vertonen.
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In hoofdstuk 3 wordt dan ook kort stilgestaan bij de meest
wenselijke informatie over recreatie ten behoeve van recreatie-
effectenonderzoek en de daartoe te hanteren telmethoden (dit in de
vorm van een samenvatting van een artikel). Twee telmethoden
worden beschreven, waarvan er één, de fietstransektraethode, later
is toegepast bij de andere deelonderzoeken.
In hoofdstuk 4 worden de resultaten van een eenjarig beschrij-
vend onderzoek in stadsrandbossen weergegeven. De toegepaste fiets-
transektmethode maakte het mogelijk om, gebruik makend van de
intensiteiten van de omliggende paddelen, per bosvak een recrea-
tie-intensiteit te berekenen en aldus de relatie recreatie-broed-
vogeldichtheid te analyseren.
Na de beide eenjarige beschrijvende studies wordt in hoofdstuk 5
een samenvatting van de resultaten van een veld-experiment
gegeven. Een randmeerstrand in Zuidelijk Flevoland, met bosjes en
heggen, is twee seizoenen voor en één seizoen na de aanleg van een
parkeerterrein bemonsterd. Bij deze analyse is het studiegebied
verdeeld in stukken die als gevolg van de aanleg van het parkeer-
terrein drukker zijn geworden en stukken die onveranderd zijn
gebleven in recreatie-intensiteit. Dit deelonderzoek is als enige
niet beperkt tot wandelrecreatie, maar concentreert zich op amphi-
bische recreatie.
Aangezien het vermoeden bestond dat wandelrecreatie wellicht
niet alleen van invloed zou zijn op de broeddichtheid, maar ook of
zelfs uitsluitend op het broedsucces, is tevens onderzoek gedaan
aan soorten waarvan het broedsucces eenvoudig is vast te stellen:
nestkastbroeders.
In hoofdstuk 6 worden de resultaten van een onderzoek aan de
torenvalk (Falco tinnunculus) weergegeven. Met behulp van een
schriftelijke enquête zijn gegevens verzameld over torenvalken
broedend in een groot aantal gebieden in Nederland. De invloed van
de toegankelijkheid van die gebieden voor het publiek en de
afstand van de kast tot wegen of paden op het broedsucces en de
broeddichtheid van de Torenvalk is onderzocht.
In hoofdstuk 7 worden de resultaten gepresenteerd van een on-
derzoek aan zangvogels in populierenbossen in Oostelijk Flevoland.
Deze onderzoekslokatie is gekozen omdat werd aangenomen dat de
- 248 -
grote uniforme bosvakken van eenzelfde leeftijdsklasse bij uitstek
geschikt zouden zijn om een eenjarige vergelijkende studie
mogelijk te maken.
Het onderzoek bestond uit een vergelijkende studie in 1978, ge-
volgd door een experiment en een studie naar de recreatie-effecten
op broedsucces in 1979. Bovendien is in 1979 de vegetatie van de
bosvakken geïnventariseerd en is met deze gegevens onder andere
opnieuw een analyse uitgevoerd van de gegevens uit 1978. Het ex-
periment bestond uit het simuleren van een hoge recreatie-inten-
siteit gedurende 13 dagen aan het begin van het broedseizoen,
vooral tijdens de vestigingsperiode van de Fitis (Phylloscopus
trochilus). Van deze soort werd eveneens het broedsucces gemeten,
waarbij een observatiemethode is gebruikt gebaseerd op lange waar-
neemperiodes per territoriumhouder.
Hoofdstuk 8 ten slotte geeft een kort overzicht van de belang-
rijkste resultaten en conclusies. Tevens wordt ingegaan op de in
hoofdstuk l genoemde 12 hypothesen en worden suggesties gedaan
voor terreinbeheerders en planners enerzijds en onderzoekers an-
derzijds.
9.2. Algemene inleiding
In de algemene inleiding wordt de keuze van het object van
studie - invloeden van recreatie op broedvogels - gemotiveerd met
behulp van voorwaarden die aan een milieubiologische studie ge-
ste-ld dienen te worden. De studie dient betrekking te hebben op
een urgent milieuprobleem, waarbij kennis over de ingreep-effect-
relaties nodig is om het milieuprobleem te kunnen oplossen of te
verminderen.
Door middel van het toepassen van biologische onderzoekstech-
nieken en gebruikmakend van technieken uit hulpwetenschappen wordt
in de milieubiologie het milieuprobleem beschreven en geanalyseerd
met als doel een oplossing van dat probleem beter mogelijk te
maken.
Er wordt kort ingegaan op de maatschappelijke verschijnselen open-
luchtrecreatie en natuurbescherming zelve.
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Het probleem openluchtrecreatie-natuurbehoud kan, zeker in in-
ternationaal verband, als een schaarsteprobleem worden beschouwd.
Natuur in Nederland is vooral in de na-oorlogse periode door aller-
lei oorzaken een zeer schaars goed geworden, dat vooral in kwali-
tatief opzicht nog steeds schaarser wordt. Het sterk toegenomen
aantal recreanten, als gevolg van een gegroeide bevolking en
gelijktijdig een sterk verhoogde deelname van die bevolking aan de
recreatie, is aangewezen op een krimpend areaal aantrekkelijke
gebieden. Gebruik van natuurgebieden leidt op sommige plaatsen tot
verbruik. In het bijzonder in duingebieden, zoals op de Wadden-
eilanden en op het vasteland zijn conflicten ontstaan. Bij deze
conflicten, die vaak een welles-nietes karakter aannemen, komt
duidelijk het gebrek aan kennis over de effecten van recreatie
naar voren. Meer kennis over deze effecten zal er dan ook toe
kunnen bijdragen dat conflicten kunnen worden voorkomen en dat
bestuurlijke keuzen (bijvoorbeeld in het kader van de planologie)
tussen de belangen van recreatie en natuurbescherming een
rationele grondslag krijgen. Hiermede is aangegeven dat het
milieuprobleem van de recreatie-effecten voldoet aan de belang-
rijkste vereisten voor een milieubiologische studie.
Mede door middel van literatuuronderzoek is getracht tot een
afbakening te komen van zowel de recreatievorm(en) waarvan de
effecten onderzocht zouden moeten worden, als van de natuuras-
pecten waarop die recreatievorm effect heeft. Bovendien is nage-
gaan welke typen van onderzoek het meest gewenst zijn. Veel onder-
zoek is gedaan aan effecten op bodem en vegetatie en zéér weinig
aan effecten op fauna. Bovendien bleek bijna alle onderzoek een-
jarig te zijn en beschrijvend van aard (vergelijken van drukke en
stille gebieden).
Van de fauna zijn de vogels gekozen als object van studie en wel
de broedvogels van duinen en bossen. Uit een literatuurstudie naar
de effecten van recreatie op vogels kwam naar voren, dat relatief
veel onderzoek betrekking heeft op enkele groepen vogels, met
name:
vogels broedend in kolonies,
vogels van open water of andere open habitats;
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vogels van moerassen en rietkragen;
dagroofvogels.
Bovendien bleek dat veelal alleen het gedrag van vogels werd
onderzocht en in mindere mate de broeddichtheid of het broed-
succes. Veel onderzoek heeft betrekking op situaties waar een
biologisch onderzoeker, die intensief onderzoek deed aan geheel
andere vraagstellingen, de verstoringseffecten van zijn (vaak
frequente) aanwezigheid wilde weten om voor die invloed te kunnen
corrigeren.
Opvallend schaars bleek het onderzoek naar de effecten van de
meest voorkomende recreatievorm wandelen op de meest talrijke
groep vogelsoorten, de zangvogels (Passerines). De meeste effecten-
studies op vogels bleken betrekking te hebben op eenjarig beschrij-
vend onderzoek (vergelijken van drukke en stille gebieden). Er
zijn slechts heel weinig meerjarige studies (in drukker of stiller
geworden gebieden) of experimentele studies uitgevoerd.
Mede naar aanleiding van een concreet verzoek van de beheerders
van een duingebied is als centrale vraagstelling van het totale
onderzoekproject gekozen:
"Wat is de kwalitatieve en kwantitatieve directe invloed van
verschillende intensiteiten van wandelrecreatie op de dichtheid
en het broedsucces van vogels in duinen en bossen".
Voor deze vraagstelling werd aangenomen dat een afname (of toe-
name) van de dichtheid van een vogelsoort in een gebied een even-
redige afname (of toename) van de vogelpopulatie van de desbetref-
fende soort in dat gebied inhoudt. Dit houdt in dat slechts in
situaties is gewerkt waar de maximale carrying capacity dicht
wordt benaderd en waar de afwezigheid van territoriumhouders impli-
ceert dat een terreindeel niet door de soort wordt benut.
De keuze voor bossen als broedvogelhabitat naast duinen is
gemaakt om onder geheel verschillende biotische omstandigheden
eventuele effecten te kunnen meten. Bovendien zijn bossen wellicht
niet het meest kwetsbare, maar wel het meest populaire recreatie-
biotoop. Beide milieus vormen ook de broedvogelrijkste land-
schapstypen van Nederland.
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In het laatste deel van de inleiding wordt een 12-tal hypothesen
besproken (of liever complexen van hypothesen), die in de lite-
ratuur zijn aangetroffen over de relatie tussen recreatie en
vogels. Deze hypothesen waren deels bekend bij de start van het
onderzoekproject en hebben mede richting gegeven aan de verschil-
lende (veld)studies. Deels heb ik pas tijdens of na de studie
kennis genomen van deze hypothesen en zijn ze opgenomen voor de
volledigheid en omdat de resultaten van de verschillende deel-
studies achteraf zijn gebruikt om te bezien of ze deze hypothesen
al dan niet ondersteunen.
9.3. Openluchtrecreatie en de dichtheid van enkele broed-
vogels in de duinen
Naar aanleiding van een discussie gevoerd in het tijdschrift
Recreatie in 1977 over het meest wenselijke beheer van duinter-
reinen, is in 1978 een interdisciplinaire studie uitgevoerd naar
het complex van relaties tussen de natuurwaarden, het recreatief
gebruik en het beheer van duinterreinen. In het bijzonder zijn de
relaties tussen recreatie-intensiteit, vegetatie en broedvogel-
dichtheden nader geanalyseerd, waarbij gebruik is gemaakt van
gegevens van 30 beheerseenheden (aaneengesloten gebieden beheerd
door één beheerder onder dezelfde toegangsvoorwaarden) van in
totaal 7.331 ha. Deze gebieden zijn gelegen tussen Scheveningen en
IJmuiden.
Er is voor deze studie gebruik gemaakt van territoriumkaarten
gebaseerd op vogeltellingen uitgevoerd tussen 1971 en 1977 van de
volgende soorten: Wulp (Numenius arquata), Houtsnip (Scolopax
rusticola), Groene Specht (Picus viridis), Boomleeuwerik (Lullula
arborea), Tapuit (Oenanthe oenanthe), Paapje (Saxicola torguata),
Roodborsttapuit (Saxicola rubetra) en Braamsluiper (Sylvi*
curruca). Een vegetatie-typologie van Doing is gebruikt om te
corrigeren voor de verschillen in vegetatie tussen de beheers-
eenheden. Schattingen van de recreatie-intensiteit zijn gebaseerd
op de resultaten van een grootscheepse simultaantelling op een
standaarddag, aanvullende tellingen in de grotere beheerseenheden
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en op bestaande gegevens, die gedeeltelijk door middel van een
enquête onder beheerders zijn verkregen.
In de analyses is getoetst op de voorkeur van de vogelsoorten
voor drukke en stille gebieden. Tevens zijn rangcorrelaties
berekend tussen de recreatie-intensiteit van een beheerseenheid en
de discrepantie tussen de waargenomen en verwachte aantallen
vogels in die beheerseenheid (uitgedrukt in discrepantie-
indices). Verschillende discrepantiematen zijn berekend en
gebruikt voor de correlaties.
De Wulp vertoonde de meest uitgesproken negatieve correlatie met
(de logaritme van) de recreatie-intensiteit. Deze correlatie is
geïnterpreteerd als recreatie-effect en treedt op tussen de nul en
1.000 bezoekers per ha per jaar. Tapuit, Paapje en Braamsluiper
vertonen eveneens sterke indicaties voor een negatief recreatie-
effect. Aanwijzingen voor een positief recreatie-effect bij
Houtsnip, Boomleeuwerik en Groene Specht berusten waarschijnlijk
op schijnverbanden. Deze laatste drie soorten vertonen immers géén
voorkeur voor drukke gebieden bij de preferentietest voor druk of
stil. Bovendien verdwijnt de significante correlatie bij de Boom-
leeuwerik als de kleinere beheerseenheden uit de analyse worden
gelaten en zijn de correlaties voor de Groene Specht niet signifi-
cant en laag.
De implicaties van de resultaten voor planning en beheer worden
besproken evenals enige suggesties voor vervolgonderzoeken. Het
semi-logaritmisch verband tussen recreatie-intensiteit en vogel-
dichtheid kan worden opgevat als een sterk argument vóór het
zoneren van recreatie in gebieden met natuurwaarden. Immers, het
negatief effect op de vogeldichtheid van een toename in recrea-
tie-intensiteit is geringer in reeds drukke gebieden dan in nog
stille gebieden.
9.4. Verspreidingspatronen van recreanten in grote gebieden
- een tel- en analyseprobleem
Bij het bestuderen van ingreep-effect-relaties moeten zowel de
ingreep- als de effectparameters gemeten worden. In het kader van
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het Studieproject "Invloed van openluchtrecreatie op broedvogels"
moest vooral het probleem van het adequaat meten van een recreatie-
intensiteit worden opgelost. Daarbij was het niet alleen van
belang het totaal aantal bezoekers in een studiegebied te weten,
maar ook het verspreidingspatroon. In hoofdstuk 3 worden in een
samenvatting twee methoden besproken om het verspreidingspatroon
van bezoekers in grote gebieden te meten: de nummerbordmethode en
de fietstransectmethode.
De nummerbordmethode maakt gebruik van een aantal uiterlijke
kenmerken van elke groep terreinbezoekers, die te zamen als "nummer-
bord" worden gebruikt (naar analogie van het verkeersstromen-
onderzoek). Door de uiterlijke kenmerken van de bezoekersgroepen
op verschillende plaatsen in het terrein te noteren, is het
mogelijk achteraf de wandelroute te reconstrueren. Tevens kon de
verblijftijd van de groep op ieder routedeel worden geschat. De
methode is toegepast in een duingebied in 1976. Een belangrijk
nadeel van de methode is dat voor het bemonsteren van gebieden met
een dicht netwerk van paden en van grote gebieden waar men van de
paden af mag een groot aantal waarnemers nodig is.
In grote gebieden kan ook de fietstransectmethode worden gehan-
teerd. Bij het toepassen van deze methode fietst de waarnemer over
een tevoren vastgestelde route door het studiegebied en noteert
elke ontmoeting met bezoekers op een kaart en een lijst. Deze
route wordt verschillende malen per teldag geteld en tevens op
verschillende teldagen in het seizoen. In dit hoofdstuk wordt een
formule besproken die het verband weergeeft tussen het aantal
geregistreerde groepen op een paddeel (de steekproef) en het
werkelijk aantal groepen dat in die periode over dat paddeel heeft
gelopen (de populatie). De methode is toegepast in verschillende
studiegebieden in Nederland en in verschillende jaren. Correla-
tieberekeningen zijn uitgevoerd om na te gaan hoe de berekende
recreatieintensiteiten correleren tussen telronden, -seizoenen en
-jaren. Na een beschrijving van de voor- en nadelen van beide
telmethoden wordt een nieuw te ontwikkelen telmethode voorgesteld,
die elementen in zich draagt van beide methoden. Deze methode zou,
beter dan met de reeds beschreven fietstransectmethode mogelijk
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is, ook de gedragsverschillen tussen de recreanten dienen te
meten.
9.5. Effecten van openluchtrecreatie op de dichtheid van een
aantal broedvogelsoorten in bossen grenzend aan stads-
randen
In 1980 en 1981 zijn de mogelijke verstoringseffecten van open-
luchtrecreatie op vogels onderzocht in zeven stadsrandbossen in
Nederland. Deze bossen, die direct grenzen aan stadsranden, hebben
een gezamenlijk oppervlak van 264 ha. De broedvogels zijn geteld
(met de territoriumkarteringsmethode) en de vegetatiestructuren
zijn gekarteerd. De recreanten zijn geteld in 1981 met de fiets-
transectmethode. De bezoekersaantallen op woensdag en vrijdag zijn
omgezet in verschillende schatters van de recreatie-intensititeit.
De zeven stadsrandbossen zijn verdeeld in 268 bosvakken, ieder met
een homogene vegetatie. Bij de analyse zijn twee benaderingen
gevolgd: een a priori-benadering en een a posteriori-benadering.
Met 13 van de 31 waargenomen vogelsoorten, die in voldoende
aantal aanwezig waren, zijn analyses uitgevoerd.
Significant negatieve correlaties tussen recreatie-intensiteit
en vogeldichtheid zijn gevonden voor 8 van deze 13 soorten. De
correlaties verschilden tussen bosvakken met naaldbos en bosvakken
met loofbos. De hellingen van de regressielijnen maakten het moge-
lijk een rangorde in recreatie-gevoeligheid aan te brengen in de
8 soorten. In volgorde van afnemende recreatie-gevoeligheid zijn
dat: Tortelduif (Streptopelia turtur), Tuinfluiter (Sylvia Jborin),
Fitis (Phylloscopus trochilus), Zanglijster (Turdus philomeloa),
Tjiftjaf (Phylloscopus collybita), Houtduif (Columba palumbus),
Zwartkop (Sylvia atricapilla) en Vink (Fringilla coelebs).
De recreatie-intensiteiten gebaseerd op bezoekersaantallen op
woensdagen gaven hogere negatieve correlaties met de vogeldicht-
heden dan recreatie-intensiteiten gebaseerd op zondagse bezoekers-
aantallen. Daarnaast gaf de logaritme van de recreatie-intensiteit
in het algemeen een betere correlatie met de broedvogeldichtheden
dan de recreatie-intensiteit zelf. Dit wijst erop dat de relatie
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tussen recreatie-intensiteit en broedvogeldichtheid semi-logarit-
misch is (zoals vele andere ingreep-effectrelaties).
Een principale componenten-analyse (pca) ondersteunde de inter-
pretatie van de resultaten als een recreatie-effect. De recreatie-
intensiteit correleerde met zowel de eerste als de tweede compo-
nent. In een grafiek met deze beide componenten als respectie-
velijk x- en y-as worden de 8 gevoelige soorten bij elkaar ge-
bracht. De territoriale verspreiding van de betrokken vogelsoorten
levert echter problemen op bij de verdere interpretatie van de
resultaten. Immers, de dichtheid nadert asymptotisch een maximum,
zodat de aannamen van de verschillende toetsen (o.a. de aanname
van lineariteit) niet opgaan.
De betekenis van de resultaten voor planning en beheer wordt
besproken, waarbij een analogie wordt gemaakt tussen het recrea-
tie-effect per soort en het begrip LD50 uit de toxicologie
("letale" dosis voor 50% van de populatie).
9.6. Effecten van een semi-experimentele toename in recrea-
tie-intensiteit op de dichtheden van vogels in bosjes en
heggen op een randmeerstrand
Dit hoofdstuk geeft een samenvatting van de resultaten van een
veld-experiment. Dit experiment werd uitgevoerd om te bezien of
een afname van broedvogeldichtheden bij een abrupte toename van de
recreatie-intensiteit aantoonbaar is. Het duurde drie broed-
seizoenen en werd uitgevoerd op een 4,5 km lang randmeerstrand met
bosjes en heggen (het Laakse Strand op Zuidelijk Flevoland). Ver-
wacht werd dat in gedeelten van dit studiegebied de recreatie-
intensiteit zou toenemen als gevolg van de aanleg en openstelling
van een parkeerterrein in 1979 bij het midden van het strand. Op
enige afstand van het parkeerterrein zou de recreatie-intensiteit
waarschijnlijk niet veranderen. Gedurende het broedseizoen van
1977 en 1978 (vóór de opening van het parkeerterrein) en in het
broedseizoen van 1980 (na de opening van het parkeerterrein) zijn
de broedvogels en de bezoekers geteld.
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Voor de analyses is het studiegebied verdeeld in 45 stroken van
100 m lengte en 12 vegetatiezones. Elke strook en zone is
ingedeeld in de experimentklasse (recreatie-intensiteit toege-
nomen) of in de controleklasse (recreatie-intensiteit gelijk
gebleven). De te toetsen nulhypothese was dat de afname of toename
van vogels in experiment- en controlestroken of -zones gelijk zou
zijn.
Van de twaalf onderzochte meest abudante soorten vertoonden alle
op één na, de Fitis (Phylloscopus trochilus), een negatief ver-
schil tussen de experiment- en de controlestroken of -zones. Dit
negatief verschil - een afname of een geringere toename tussen
1980 en 1977/1978 in de expenmentstroken of -zones vergeleken met
de controlestroken of -zones - wijst op verstoring. Bij geen van
de soorten afzonderlijk is dit verschil echter significant. Het
betrof: Houtduif (Columba palumbus), Winterkoning, Heggemus
(Prunella modularis), Zanglijster (rurdus philomelos), Merel
(Türdus meruia), Spotvogel, Zwartkop (Sylvia atricapilla), Tuin-
fluiter , Grasmus (Sylvia communis), Braamsluiper (Sylvia cur-
met), en Tjiftjaf (Sylvia collybita).
Het aantal van 11 uit 12 negatieve verschillen tussen experiment-
en controlestroken is daarentegen zéér significant. De inter-
pretatie van de resultaten als een recreatie-effect wordt onder-
steund door het resultaat van een transversale analyse gebaseerd
op de gegevens van 1980, waarbij vele vogelsoorten negatieve corre-
laties vertonen tussen recreatie-intensiteit en dichtheid. Voor de
Spotvogel en de Tuinfluiter zijn deze correlaties zelfs signi-
fioant.
De recreatie-intensiteitswaarde die een goede scheiding gaf
tussen stil gebleven en druk geworden delen van het gebied, komt
overeen met een maximaal momentaan bezoek van 25 bezoekers per ha
op de 5e drukste dag van het jaar. Boven deze waarde beginnen voor
de onderzochte soorten significante verstoringen op te treden en
deze waarde kan daarom nuttig zijn voor planners en beheerders.
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9.7. Effecten van openluchtrecreatie op nestplaatskeuze en
broedsucces van de Torenvalk, F*lco tinnunculus, in
1975-1980 in Nederland
Teneinde de relatie recreatie-Torenvalk te kunnen bestuderen is
in 198O een schriftelijke enquête verstuurd naar vogelwerkgroepen
die met torenvalknestkasten werken. Van de 94 verzonden enquêtes
werden er 27 (28,7%) teruggezonden met bruikbare informatie over
de gevraagde periode 1975-1980. Deze informatie had betrekking
op een 160-tal kasten in gebieden verspreid over Nederland. De
vragen in de enquête waren erop gericht informatie te verkrijgen
over de toegankelijkheid van de terreinen, de afstand van de kast
tot wegen en bebouwing en de zichtbaarheid van de kast; alle drie
bedoeld als schatters van de recreatie-intensiteit. Daarnaast zijn
vragen gesteld over bezetting, aantal gelegde eieren, aantal uit-
gekomen eieren en aantal uitgevlogen jongen om inzicht te ver-
krijgen in de invloed van deze factoren op nestplaatskeuze en
broedsucces. Om ook verschillen tussen de nestkasten en de ter-
reinen in de analyse te kunnen betrekken, zijn voorts vragen ge-
steld over nestkasttype, wijze en hoogte van ophanging en het
terreintype.
Tussen de jaren werden aanzienlijke verschillen gevonden in
zowel bezetting als broedsucces; deze verschillen konden op basis
van literatuurgegevens worden toegeschreven aan verschillen in
abundantie van Veldmuizen (het stapelvoedsel van de Torenvalk).
In de analyse zijn daarom de verschillen in bezetting en broed-
succes tussen de recreatie-intensiteitklassen aanvankelijk per
jaar geanalyseerd en in tweede instantie in een groep muizenrijke
(top)jaren en een groep muizenarme (niet-top)jaren. Vooral in de
niet-topjaren werden significante verschillen gevonden in bezet-
ting en broedsucces van de Torenvalk tussen wel en niet toegan-
kelijke terreinen. Ook waren significante verschillen in de bezet-
ting en broedsuccesparameters aantoonbaar tussen de verschillende
afstandsintervallen. Deze verschillen waren het duidelijkst als de
gegevens werden verdeeld over twee afstandsklassen, te weten méér
of minder dan 50 m van een weg of bebouwing. Een variantie-analyse
toonde aan, dat de bijdrage van de recreatie-intensiteitparameters
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weliswaar significant is, maar relatief gering: variërend van
0,6-8,8% van de verklaarde variantie per dosisparameter.
In het discussiegedeelte wordt ingegaan op de mogelijke mecha-
nismen die de gevonden resultaten kunnen verklaren, waarbij in het
bijzonder aandacht wordt besteed aan de interactie tussen de
factor voedselaanbod en de factor recreatie. Dit gedeelte besluit
met enkele aanbevelingen voor verder onderzoek en voor terreinbe-
heerders die rekening wensen te houden met de bevindingen van deze
studie.
9.8. Effecten van openluchtrecreatie op dichtheid en broed-
succes van vogels - een beschrijvende en experimentele
benadering, met speciale aandacht voor de Fitis
(Phylloscopus trochilus)
Na onderzoek in de duinen naar de relaties tussen recreatie-
intensiteit en broeddichtheid van vogels is gezocht naar een homo-
gener studiegebied. In een dergelijk proefgebied zou een proef-
opzet mogelijk moeten zijn met een reeks proefvlakken die slechts
verschillen in de recreatie-intensiteit. Zo'n studiegebied dachten
we gevonden te hebben in enkele bossen in Oostelijk Flevoland
(Roggebotzand, Revebos en De Abbert). Hier waren immers grote
rechthoekige bosvakken aangeplant met één boomsoort, in twee korte
plantperioden vanaf 1958.
In 1978 is een onderzoek verricht in 13 proefvlakken van te
zamen 132,2 ha populierenbos van dezelfde leeftijdsklasse. Deze
proefvlakken konden worden verdeeld in een aantal drukke en een
aantal stille proefvlakken met als grens een gemiddelde passeer-
frequentie van 1,98 groepen recreanten per uur over een paddeel
(een pad tussen twee kruisingen). De telresultaten van de broed-
vogels lieten een kwantitatieve toetsing toe van de dichtheids-
verschillen van negen soorten. Slechts de gemiddelde dichtheden
van de Houtduif (Columba palumbus) en de Fitis (Phylloscopus
trochilus), bleken kleiner te zijn in de drukke proefvlakken dan
in de stille proefvlakken. Voor de Winterkoning (Troglodytes
troglodytes), Zanglijster (Turdus philomelos), Merel (Turdus
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meruia), Roodborst (Erithacus rufcecula), Zwartkop (Sylvia.
atricapilJa), Tjiftjaf (Phylloscopus collybita) en Vink (Fringilln
coelebs) bleek de gemiddelde dichtheid in de drukke proefvlakken
echter hoger te zijn dan in de stille proefvlakken. Dit resultaat
was weliswaar tegen de verwachting in, maar mogelijk verklaarbaar
door de tijdens het veldwerk gebleken verschillen in de perceel-
randen van de proefvlakken. Daarom zijn de resultaten opnieuw
geanalyseerd waarbij is gecorrigeerd voor de invloed van deze
perceelrandverschillen. Daartoe is per proefvlak een aantal
perceelrandparameters onderscheiden, die relatief eenvoudig
gemeten konden worden. Per soort is met een stapsgewijze
regressie-analyse de parameter geselecteerd die de hoogste
correlatie-coëfficiënt met de vogeldichtheid vertoonde. Deze
parameter is als covariable geïntroduceerd in een variantie-
analyse. Om meteen het probleem op te lossen, dat de aantallen van
de meeste soorten zo gering zijn, werden zogenaamde "vogelgilden"
onderscheiden. Dit zijn groepen van vogelsoorten die overeen-
komsten vertonen in afmeting (grote en kleine soorten), in trek-
en broedgedrag (jaarvogels, zomervogels, vroege en late broeders)
en in nestelgedrag (holenbroeders, grondbroeders, struiklaag-
broeders en boombroeders). Naast de aantallen van de afzonderlijke
soorten zijn de aantallen per vogelgilde in de heranalyse gebruikt
als afhankelijke variabelen. De heranalyse wees uit dat na cor-
rectie voor vegetatieverschillen de dichtheden van Zanglijster,
Zwartkop en Vink in de drukke percelen niet hoger was dan in de
stille, en die van Winterkoning, Merel, Roodborst en Tjiftjaf niet
significant hoger. Daar staat tegenover dat de lagere waarden in
de drukke proefvlakken voor de Houtduif eveneens als gevolg van de
correctie goeddeels wegvielen en slechts voor de Fitis bijna
significant bleven verschillen. Bij de vogelgilden bleek alleen de
groep struikbroeders (na correctie) een significant lagere dicht-
heid in de drukke proefvlakken te bezitten. De resultaten van deze
transversale studie brachten om verschillende redenen de behoefte
aan vervolgonderzoek met zich mee.
Deze redenen waren:
a. er zouden tussen de proefvlakken nog andere onopgemerkte
verschillen kunnen bestaan die de dichtheidsverschillen
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hebben veroorzaakt, bijvoorbeeld verschillen in de spontane
kruidenbegroeiing; er blijft de twijfel van schijneffecten
bij transversaal onderzoek, zoals bijvoorbeeld veroorzaakt
door een verschil in beheer tussen drukke en stille proef-
vlakken;
b. het verschil in recreatie-intensiteit tussen de drukke en
stille proefvlakken kan te laag zijn geweest om tot dicht-
heidsverschillen bij de bestudeerde soorten te leiden;
c. er zouden mogelijk wél effecten kunnen optreden, die echter
door de aard van de telmethoden verborgen blijven, doordat
bijvoorbeeld de vogels hun territorium pas na de zangperiode
verlaten, dus nadat de inventarisatie had plaatsgevonden.
Deze veronderstellingen zijn op de volgende wijzen onderzocht:
a. er werd een gedetailleerde vegetatiestructuurkartering uit-
gevoerd van zowel de proefvlakken van het onderzoek uit 1978
als van de vervolgonderzoeken in 1979;
b. in 1979 werd een experimentele dosis gesimuleerd in een aan-
tal voorheen stille proefvlakken;
c. met behulp van een aparte waarneemmethode werd het broed-
succes van Fitis en Winterkoning gemeten.
De resultaten van deze vervolgonderzoeken waren als volgt.
ad a Analyse van de verschillen tussen de drukke en stille proef-
vlakken van 1978 wees uit dat er gemiddeld genomen tussen
beide klassen géén verschillen zijn als ten minste de dui-
delijk afwijkende stroken langs de rand van de proefvlakken
buiten de analyse worden gelaten. Dit resultaat ondersteunt
de interpretatie dat de dichtheidsverschillen bij de Fitis en
de struiklaagbroeders aan recreatie zijn toe te schrijven.
«d b De effecten van de experimentele dosis op een vijftal soorten
(Winterkoning, Roodborst, Zwartkop, Fitis en Tuinfluiter)
lijken slechts voor de Zwartkop (na correctie voor de invloed
van vegetatieverschillen) negatief. De interpretatie van het
verschil in dichtheid als recreatie-effect wordt echter bemoei-
lijkt doordat onzeker is of de territoriumhouders van deze
soort al aanwezig waren tijdens de simulatieperiode (2 tot
20 april). Voor de Fitis worden de resultaten van het trans-
versale onderzoek van 1978 niet door het experiment bevestigd.
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ad c De metingen van broedsucces maken het voor Fitis en Winter-
koning mogelijk nieuwe effectparameters te definiëren voor de
experiment- en controlepercelen. De waarden van deze para-
meters verschillen niet tussen beide proefcategorieën, ook
niet na correctie voor vegetatieverschillen. Bij de Winter-
koning is er een lichte tendens van een negatief effect op
het aantal broedparen met uitgevlogen jongen.
De betekenis die aan de resultaten van de vervolgonderzoeken kan
worden gehecht wordt beperkt door:
de korte duur van simulatie, die bovendien nogal vroeg in het
jaar plaatsvond;
de absoluut gezien lage dosis die in die periode is bereikt;
het geringe aantal soorten waarmee de analyses konden worden
uitgevoerd.
De betekenis die aan het onderzoek in Oostelijk Flevoland als
geheel moet worden toegekend ligt vooral ook op het methodische
vlak.
Transversaal onderzoek naar recreatie-effecten op vogels blijkt
zelfs onder de meest uniform lijkende omstandigheden niet goed
mogelijk te zijn. Dit betekent dat het onder Nederlandse omstan-
digheden altijd noodzakelijk is metingen te verrichten aan andere
factoren die op de effectparameter van invloed zijn (zoals ver-
schillen in vegetatiestructuur), teneinde voor deze invloed te
kunnen corrigeren. Dit betekent ook dat grotere steekproeven
noodzakelijk zijn om betrouwbare conclusies te kunnen trekken.
Tevens is gebleken, dat simulatie-experimenten nauwelijks uit-
voerbaar zijn, tenzij men vele vrijwilligers kan recruteren die,
gelijktijdig met het tellen van vogels, een stimulus teweeg-
brengen. De ontwikkelde waarneemmethode om broedsucces te meten
verdient toepassing in vervolgonderzoeken. Bij vervolgonderzoeken
zal het tevens noodzakelijk zijn de resultaten voor de Fitis en de
struiklaagbroeders te toetsen en na te gaan bij welk traject van
recreatie-intensiteit het recreatie-effect optreedt en onder welke
overige omstandigheden.
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9.9. Algemene conclusies en discussie
In dit hoofdstuk wordt aan de hand van de resultaten van voor-
gaande hoofdstukken getracht een viertal vragen te beantwoorden.
1. Zijn significante effecten van wandelrecreatie op de dicht-
heid en het broedsucces van vogels aangetoond?
2. Bij welke recreatie-intensiteiten treden significante effec-
ten op dichtheid en broedsucces van vogels op?
3. Welke inzichten zijn verkregen over de ingreep-effectrelaties
bij verstoring?
4. Welke inzichten zijn verkregen over strategieën en methoden
van verstoringsonderzoek?
Daarna wordt ingegaan op de mogelijkheden van toepassing van de
resultaten in planning en beheer en op de behoefte aan nader onder-
zoek.
In de totale studie zijn 24 vogelsoorten in detail onderzocht,
in die zin dat er statistische toetsing van de gevonden aantals-
verschillen heeft plaatsgevonden. Deze soorten kunnen in drie
groepen worden verdeeld.
a. Soorten waarvoor een duidelijk negatief recreatie-effect op
de dichtheid is gevonden. Dit betreft de volgende vijf
soorten: Torenvalk (F*lco tinnunculus), Wulp (Numenius
arquata), Tortelduif (Streptopelia turtur), Tuinfluiter
(Sylvia borin), en Zwartkop (Sylvia atricapilla),
b. Soorten waarvoor indicaties van een negatief recreatie-effect
op de dichtheid zijn gevonden. Dit betreft de volgende tien
soorten: Houtduif (Columba palwnbus) , Winterkoning
(Troglodytes troglodytes), Heggemus (Prunella modularis),
Zanglijster (rurdus philomelos), Tapuit (Oenanthe oenanthe).
Paapje (Saxicola rubetra), Spotvogel (Hippolais icterina),
Braamsluiper (Sylvia curruca), Fitis (Phylloscopus trochilus)
en Tjiftjaf (Phylloscopus collybita).
c. Soorten waarvoor herhaaldelijk géén negatief recreatie-effect
op de dichtheid is gevonden- Dit betreft de volgende negen
soorten: Houtsnip (Scolopax rusticola), Turkse Tortel
(Streptope.Ua decaocto), Groene Specht (Picus viridis),
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Boomleeuwerik (Lullula arborea), Merel (rurdus meruia), Rood-
borsttapuit (Saxicola torquata), Roodborst (Erithacus
rubecula), Koolmees (Parus major) en Vink (Fringilla
coeleba).
Daarnaast is een significant negatieve correlatie gevonden tus-
sen recreatie-intensiteit en de struiklaagbroeders (hoofdstuk 7).
Slechts voor de Torenvalk is een significant negatieve correlatie
gevonden tussen de recreatie-intensiteit en het broedsucces.
De algemene conclusie is dat significante effecten van openlucht-
recreatie op de dichtheid en het broedsucces van enkele zangvogel-
soorten van vogels in bos en duin zijn aangetoond.
Dit resultaat wordt per vogelsoort bediscussieerd en vergeleken
met de onderzoeksresultaten of vermoedens van andere auteurs. Over
het algemeen komen de bevindingen van deze studie goed overeen met
de resultaten of Vermoedens van andere auteurs. Uitzonderingen
vormen de Roodborst en de Zwartkop. Voor de Roodborst is in geen
van de deelstudies enige indicatie voor een verstoringseffect
gevonden, terwijl andere auteurs voor deze soort wél dergelijke
indicaties vonden. Voor de Zwartkop geldt het omgekeerde. Tevens
is een globale overeenstemming gevonden tussen de recreatie-
gevoeligheid van de onderzochte soorten en de "verstedelijkings-
index" van Hounsome en de synanthropie-index van Nuorteva.
Om het traject van de recreatie-intensiteit waarover de signi-
ficante recreatie-effecten optreden te bepalen zijn voor alle
studiegebieden jaarbezoekcijfers per ha berekend. Daartoe was het
noodzakelijk van aanvechtbare aannamen uit te gaan zodat slechts
uitspraken mogelijk zijn over een orde van grootte. Het bleek dat
effecten zijn aangetoond in twee trajecten van recreatie-
intensiteit:
bij het traject van 200-1.000 bezoekers per ha per jaar ver-
tonen soorten als Torenvalk, Wulp, Tapuit, Paapje en Braam-
sluiper significante effecten;
bij het traject van 1.000-5.000 bezoekers per ha per jaar
vertonen soorten als Tortelduif, Tuinfluiter en Zwartkop
significante effecten.
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Uiteraard is bij de tweedeling sprake van een simplificatie
omdat bewust vogelsoorten van verschillende habitats zijn gecom-
bineerd.
Op dezelfde wijze en gebruik makend van literatuurgegevens is
ook in de verstoringsafstand een verdeling gemaakt in vier
trajecten:
1.0OO-2.000 m: Kievit (Vanellus vanellus) en Grutto (Limosa
limosa);
100-1.000 m: Moerassneeuwhoen (lagopus lagopus), Hazelhoen
(Tetrastus bonasia), Korhoen (tyrurus tetrix),
Auerhoen (Tetra urogallus) en Wulp;
50- 100 m: Buizerd (Buteo buteo), en Torenvalk;
O- 50 m: Tortelduif, Tuinfluiter en Zwartkop.
Beide effect-assen zijn gecombineerd in figuur l van hoofdstuk 8;
een figuur vooral bedoeld om nader onderzoek te stimuleren.
Met betrekking tot de ingreep-effectrelaties (vraag 3) konden de
onderzoeksresultaten in verband worden gebracht met 8 van de
12 hypothesen uit hoofdstuk 1. Belangrijke resultaten zijn:
een verwerping van de algemene geldigheid van de piekdagen-
hypothese (niet altijd de piekdag maar soms ook de door-de-
weekse intensiteit correleert het beste met het effect);
een lichte ondersteuning van de synchroniteit- en sympatrie-
hypothesen (het gelijktijdig in de tijd en in de ruimte voor-
komen van broedvogel en recreant verhoogt de kans op een
negatief effect);
een ondersteuning van de voedsel-hypothese (onder slechte
voedselomstandigheden is het recreatie-effect groter).
De methodologische inzichten opgedaan tijdens de totale studie
(vraag 4) zijn:
een vergelijking van gebieden waarbij men van de aanname
uitgaat dat alle factoren behalve recreatie-intensiteit
gelijk zijn is onder de Nederlandse omstandigheden zelfs in
de meest uniforme biotopen niet goed mogelijk gebleken zelfs
bij extreem hoge recreatie-intensiteiten;
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experimenteren met een gesimuleerde recreatie-intensiteit is
slechts op het niveau van vogelgedrag mogelijk, maar nauwe-
lijks uitvoerbaar op het niveau van dichtheden en broed-
SUCC6S;
een studie van de relatie recreatie-vogeldichtheid vergt
dermate grote steekproeven, dat die door één onderzoeker niet
zijn te verzamelen. Daarom kunnen de beste resultaten worden
bereikt door analyse van grote databestanden;
het gebruik van nestkasten biedt perspectieven om met een
minimum aan verstoring door de onderzoeker verstoringsafstan-
den te kunnen onderzoeken;
het is noodzakelijk om, behalve de recreatie-intensiteit, ook
de aard van de recreatie op een gedetailleerd ruimtelijk
schaalniveau te kunnen meten.
De toepassingsmogelijkheden van de verschillende resultaten van
de totale studie worden besproken aan de hand van een model van
rationele planning en beheer.
Betoogd wordt dat niet alleen het gebrek aan kennis omtrent
recreatie-effecten een rationele planning en beheer in de weg
staan, maar ook een gebrek aan duidelijke richtlijnen voor wat
betreft de te kiezen natuuraspecten en meetparameters, waaraan het
al dan niet realiseren van een beleidsdoelstelling kan worden
afgemeten.
De aanbevelingen voor planners en beheerders zijn samengevat in
acht punten.
Voor verdere studie wordt vooral gewezen op de wenselijkheid van
het nader preciseren van het traject van recreatie-intensiteit,
waarbij voor de verschillende vogelsoorten negatieve effecten gaan
optreden. Wutatis mutandis geldt hetzelfde voor de aard van de
recreatie die de effecten sorteert en voor de verschillende ver-
storingsafstanden. Tevens wordt gewaarschuwd voor het verborgen
blijven van effecten, doordat slechts met standaard methoden zowel
de dosis- als de effect-parameters worden gemeten.
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NAWOORD
Ik heb dit onderzoek kunnen doen bij de vakgroep Milieubiologie
in een dynamische en stimulerende werksfeer; een periode die aan
mijn vorming als mens, onderzoeker en collega veel heeft bijge-
dragen en waaraan ik met weemoed terugdenk. Wim ter Keurs zorgde
voor de dagelijkse ondersteunende leiding over het project.
Tijdens het onderzoek heb ik met een groot aantal studenten
samengewerkt en zonder hen zou het onderzoek in deze vorm zeker
niet mogelijk zijn geweest. Ik wil dan ook noemen: Ruth de Baat,
Hans Berkhuizen, Kees van den Brand, Niko van Brussel, Anneke Don,
Frans Ebskamp, Rob ter Horst, Randy Kip, Hennie Langstraat, Henk
van Latesteijn, Kees Prins, Gert van Ree, Jacques van der Salm,
Frits van der Sluis, Theo Verstrael, Paul Vos, Jelle de Waard,
René Wanders, Kees van Welzen, Louis Zandvliet en Fred Zegwaard,
die allen een wezenlijke bijdrage hebben geleverd. Vooral de ge-
zamenlijke veldwerkperiodes in de duinen en in Flevoland vormen
voor mij een onvergetelijke tijd.
En studieproject als het mijne kan slechts slagen dank zij vele
vormen van steun in morele en praktische zin. Evert Meelis, Jos
Poppelaars en Kees Musters verleenden waardevolle hulp bij de
statistiek en het verwerken van de gegevens. Voorts wil ik het
Gemeentewaterleidingbedrijf van Amsterdam, de afdeling Bijzondere
Taken van het Staatsbosbeheer en de Rijksdienst voor de IJsselmeer-
polders noemen die gastvrijheid verleenden in de onderzoeksgebieden.
Gewaardeerde financiële bijdragen werden ontvangen van het Staats-
bosbeheer afdeling Recreatieonderzoek en van De Dorschkamp.
Talloze personen hebben op de een of andere andere wijze bijge-
dragen aan het onderzoek, zoals de vele vrijwilligers die hun
feestdagen opofferden om mee te werken aan recreatietellingen of
aan het wandelexperiment. Anderen hebben hun telgegevens van
broedvogels of nestkasten ter beschikking willen stellen. Erik
Gertenaar verzorgde een belangrijke organiserende rol bij het
wandelexperiment.
Verschillende personen, zoals Evert Meelis, Wouter van der
Weijden, les de Vries, Serge Daan en Gerard Boere hebben
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manuscripten van hoofdstukken doorgelezen en van waardevolle en
nuttige suggesties voorzien.
Het schrijven van dit proefschrift is mede mogelijk gemaakt door
het studieverlof dat ik genoot tijdens mijn betrekking in dienst
van het provinciaal bestuur van Gelderland, het vele typewerk door
het Tekstverwerkingscentrum Westraven, het tekenen van de figuren
door Peter Hoek en het creatieve correctiewerk van Joy Burrough.
Leiden, 1984.
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CURRICULUM VITAE
Ik werd geboren op l augustus 1952 te Vlaardingen, waarna ik
mijn jeugd doorbracht in Maassluis. Bij de scholengemeenschap
Spieringshoek (aanvankelijk Liduinalyceum) te Schiedam heb ik de
H.B.S.-B opleiding gevolgd en behaalde in mei 1969 het diploma.
Na de middelbare school was ik een jaar in dienst bij de
N.V. Organon te Oss en volgde tevens een parttime beroepsopleiding
op de analistenschool aldaar.
In augustus 1970 ben ik Biologie gaan studeren aan de Rijks-
universiteit van Leiden. Gezien mijn aanvankelijke oogmerk om te
gaan specialiseren in de biochemie volgde ik de B4-richting (met
scheikunde als tweede hoofdvak). In juni 1973 behaalde ik het
kandidaatsexamen.
Gedurende de kandidaatsstudie was mijn belangstelling sterk ver-
schoven in de richting van de veldoecologie en de milieubiologie,
niet in de laatste plaats door een gevoel van persoonlijke betrok-
kenheid bij de in die tijd sterk naar voren tredende milieu-
problemen. Aansluitend bij deze gewijzigde interesse werden de
volgende onderzoeken verricht voor het doctoraalexamen:
"de invloed van wegen op weidevogels" in de periode 1973-1974
met als begeleider drs. W.J. ter Keurs; de resultaten zijn
later gepubliceerd in Biological Conservation 18: 299-321;
"concurrentie tussen de Bosspitsmuis en de Dwergspitsmuis in
Meijendel" in de periode 1974-1975 met als begeleidster
Dr. N. Croin Michielsen.
Tijdens de doctoraalperiode vervulde ik tevens studentenassis-
tentschappen voor de vakgroepen Microbiologie (2e jaars cursus),
Dierenoecologie (Ie jaars excursies) en Milieubiologie (inter-
disciplinaire milieukunde-cursus). In Dubrovnik volgde ik in de
maanden april en mei 1975 de internationale cursus "Man and
Environment".
In februari 1976 behaalde ik cum laude het doctoraal examen
Biologie waarna ik werd aangesteld bij de Vakgroep Milieubiologie.
In de periode tot september 1980 verrichtte ik bij deze vakgroep
het onderzoek waarop dit proefschrift is gebaseerd.
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Prof. dr. D.J. Kuenen heeft in die periode (en ook nadien) als
promotor gefungeerd totdat zijn ius promovendi kwam te vervallen.
Vanaf september 1980 tot en met oktober 1982 was ik als beleids-
medewerker in dienst van het provinciaal bestuur van Gelderland
bij de afdeling Natuur en Landschap van de dienst Landinrichting
en Landbouw.
Sedert l november 1982 ben ik in dienst bij het Staatsbosbeheer
als Natuurbeschermingsconsulent voor de provincie Zuid-Holland.
